The synthesis and some properties of certain dyes, related to cyanines, containing pyrano (2,3-d) pyrimidine and pyrazolo (3,2-c)-s-triazole nuclei. by Bailey, John.
UNIVERSITY OF SURREY 
Regulations for Higher Degrees: Copyr%ht
Preamble
Dissemination of knowledge is one of the objects of the University. Therefore 
Members of the University and others who submit theses/d isserta tions for 
higher degrees are  expected to relinquish to the University certain  rights of 
reproduction and distribution.
Moreover it is recognised that applicants owe a duty to their Departments of 
study, the Academic Staff and sponsoring bodies for their respective contribu­
tions to the research . Within the lim its of these requirem ents, the author’s copyright is safeguarded.
Regulations
1. When submitting a thesis/d isserta tion  for the purposes of a higher 
degree the applicant shall sign an irrevocable authority in prescribed 
form appointing the Librarian his attorney with the right to reproduce 
the thesis / dissertation by photocopy or in microfilm and to distribute 
copies to those institutions or persons who in the L ibrarian’s opinion 
require them for academic (as distinct from commercial) purposes.
2. The L ibrarian in consultation with the appropriate Department of study 
or sponsoring body shall have the right to refuse to provide copies, or 
to impose such conditions as he thinks fit on the provision of copies, 
with the object of safeguarding the applicant’s copyright and the in terests 
of the University and the sponsoring body.
3. These Regulations are subject to requirem ents of any body under whose 
sponsorship the research  project giving rise  to the thesis/d isserta tion  is carried  on.
ProQuest Number: 10130455
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uesL
ProQuest 10130455
Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
A T h e s i s  e n t i t l e d
"THE SYNTHESIS AND SOME PROPERTIES OF 
CERTAIN DYES, RELATED TO CYANINES,
CONTAINING PYRANO[2 , 3-d]PYRIMIDINE AND 
PYRAZ0L0[3,2- c ] - s -TRIAZ0LE NUCLEI"
s u b m i t t e d  by  
JOSEPH BAILEY, B . S c . , 
i n  p a r t  f u l f i l m e n t  o f  t h e  r e q u i r e m e n t s  f o r  t h e  
aw ard o f  th e  D egree o f  
D o c to r  o f  P h i lo s o p h y  
i n  th e  U n i v e r s i t y  o f  S u r re y  
(u n d e r  r e g u l a t i o n s  p e r t a i n i n g  to  C o l l a b o r a t i v e  H ig h e r  D e g re e s )
R e s e a rc h  L a b o r a t o r i e s ,Kodak L im i te d ,H arrow ,
M id d le s e x .  1971
SUMMARY
The c o n d e n s a t io n  o f  1 , 3 - d i a l k y l h a r b i t u r i c  a c i d s  
w i th  e t h y l  o r t h o a c e t a t e  t o  g iv e  c o lo u r e d  p r o d u c t s , i s  
d e s c r i b e d .  The r e a c t i o n  p r o d u c t s ,  a r e  shown by e le m e n ta l  
a n a l y s i s ,  p r o to n  m a g n e t ic  r e s o n a n c e  and mass s p e c t r o m e t r i c  
m easu rem en ts  t o  be d e r i v a t i v e s  of 7 H -p y ra n o [2 ,3 -d ]  
p y r i m i d i n e .
I n v e s t i g a t i o n s  i n t o  t h e  c o n d e n s a t io n s  o f  t h e s e  
dyes  w i th  v a r i o u s  r e a g e n t s ,  a r e  o u t l i n e d ,  and t h e  r e s u l t s  
c o n f irm  th e  a s s i g n e d  s t r u c t u r e s .
The p r e p a r a t i o n  o f  a  number o f  n o n - i o n i c  t r i -  
n u c l e a r  dyes  c o n t a i n i n g  t h e  p y r a n o [2 , 3 - d ] p y r im id in e  
n u c l e u s ,  and  th e  l i g h t  a b s o r p t i o n  p r o p e r t i e s  o f  th e  dyes 
c o n t a i n i n g  t h i s  n u c l e u s ,  a r e  d i s c u s s e d .
The c o n d e n s a t io n  o f  e t h y l  3 - h y d r a z in o - 3 - n ie th y l -  
p y r a z o l e - 4 - c a r b o x y l a t e  w i th  v a r i o u s  a ld e h y d e s  and a c i d  
c h l o r i d e s ,  i s  o u t l i n e d .  The c y c l i s a t i o n  o f  th e  r e s u l t i n g  
h y d ra z o n e s  and h y d r a z i d e s ,  u n d e r  o x i d a t i v e  and d e h y d r a t iv e  
c o n d i t i o n s ,  r e s p e c t i v e l y ,  to  g iv e  e t h y l  IH -p y ra z o lo  
[ 3 » 2 ~ c ] - _ s - t r i a z o l e - 7 - c a r b o x y l a t e s ,  i s  d e s c r i b e d .  The 
h y d r o l y s i s  of t h e s e  e s t e r s ,  and th e  d e c a r b o x y l a t i o n  o f  th e  
c o r r e s p o n d in g  a c i d s  t o  g iv e  l H - p y r a z o l o [ 3 j 2 - c ] - £ - t r i a z o l e s , 
a r e  d i s c u s s e d .
A n o th e r  m ethod o f  s y n t h e s i s  o f  I H - p y r a z o l o [ 3 ? 2 -c ] ' 
£ - t r i a z o l e s ,  i n v o l v i n g  t h e  c o n d e n s a t io n  o f  S -m e th y l i s o t h i o -  
c a r b o h y d ra z id e  h y d r io d id e  w i th  p - k e t o - e s t e r s , i s  d e s c r i b e d .
The s y n t h e s i s  o f  a  r a n g e  o f  a z a m e th in e  and o t h e r  
d y e s ,  r e l a t e d  to  c y a n in e s ,  c o n t a i n i n g  th e  p y r a z o l o [ 3 , 2 - c ] -  
8- t r i a z o l e  n u c l e u s ,  i s  o u t l i n e d .  The l i g h t  a b s o r p t i o n  
p r o p e r t i e s  o f  t h e s e  dyes  a r e  d i s c u s s e d .
The a p p l i c a t i o n s  o f  th e  dyes  to  p h o to g r a p h ic  
sy s te m s  a r e  m e n t io n e d .
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1 . GENERAL INTRODUCTION
1 . 1 .  A p p l i c a t i o n s  o f  Dyes t o  P h o to g ra p h y
Dyes h av e  i m p o r t a n t  u s e s  i n  modern p h o to g r a p h ic  
s y s te m s .  T h e i r  m ain  a p p l i c a t i o n s  a r e  as  s p e c t r a l  s e n s i -  
t i s e r s ,  i n  f i l t e r  and  a n t i - h a l a t i o n  l a y e r s , and i n  c o lo u r  
p h o to g r a p h ic  im a g e s^ .
P h o to g r a p h ic  m a t e r i a l s  a r e  p ro d u c e d  by c o a t i n g  
a  s u s p e n s io n  o f  a  l i g h t - s e n s i t i v e  s i l v e r  h a l i d e ,  i n  
g e l a t i n ,  on t o  a s u p p o r t ,  su ch  a s  g l a s s ,  f i l m  o r  p a p e r ,  and 
d r y in g  th e  c o a te d  l a y e r .  The s e n s i t i v e  p r o d u c t  i s  th e n  
s t o r e d  i n  l i g h t - p r o o f  c o n t a i n e r s .  A f t e r  c a m e ra -e x p o su re  
o f  a p h o to g r a p h ic  e m u ls io n ,  th e  l a t e n t  image form ed t h e r e i n  
i s  r e n d e r e d  v i s i b l e  by d e v e lo p in g  i t ,  i n  a  r e d u c in g  medium, 
t o  m e t a l l i c  s i l v e r .  The p h o to g ra p h  i s  t h e n  t r e a t e d  i n  a 
t h i o s u l p h a t e  f i x i n g  s o l u t i o n ,  t o  remove th e  u n u se d  s i l v e r  
h a l i d e  from  t h e  n o n -e x p o se d  a r e a s ,  washed and d r i e d .
S i l v e r  h a l i d e s  a r e  n a t u r a l l y  s e n s i t i v e  t o  u l t r a ­
v i o l e t  and to  b l u e  l i g h t s ,  a c c o r d in g  t o  t h e  p h o to c h e m ic a l  
p r i n c i p l e  t h a t  o n ly  l i g h t  r a y s  t h a t  a r e  a b s o rb e d  can
2produce chemical changes. In 1873? H.W, Vogel observed 
that certain dyes when added, in small quantities, to emulsions 
of silver halides rendered such emulsions sensitive to the 
light in the region absorbed by the dyes. The function of 
the spectral sensitising dye is that it transfers to the 
silver halide the radiant energy which it itself absorbs, 
thereby causing the silver halide to acquire sensitivity to 
light in a region that it normally does not possess. Since 
Vogel's discovery innumerable dyes have been evaluated, and 
some activity has been displayed by dyes from a number of
7c l a s s e s  b u t  th e  m ost u s e f u l l y  e f f e c t i v e  a r e  t h e  c y a n in e s  
and r e l a t e d  d y e s .
When a p h o to g r a p h ic  p l a t e  o r  f i l m  i s  e x p o se d ,  
some o f  t h e  l i g h t ,  n o t  a b s o rb e d  on p a s s a g e  th ro u g h  th e  
s e n s i t i v e  e m u ls io n  l a y e r ,  i s  l i k e l y  to  be r e f l e c t e d ,  from  
th e  g l a s s  o r  f i l m  s u p p o r t  s u r f a c e  t o  a i r  i n t e r f a c e ,  and 
s t r i k e  a g a in  t h e  s e n s i t i v e  l a y e r  fo rm in g  a r i n g  o r  h a lo  
a ro u n d  th e  o r i g i n a l  im ag e . S in c e  th e  d i s t a n c e  o f  th e  
h a l a t i o n  r i n g  from  th e  c e n t r e  s p o t  i n c r e a s e s  p r o p o r t i o n a l l y  
t o  th e  t h i c k n e s s  o f  t h e  s u p p o r t ,  h a l a t i o n  i s  more n o t i c e a b l e  
i n  e m u ls io n s  c o a te d  on p l a t e s  b u t  i s  by no means n e g l i g i b l e  
i n  f i l m  p r o d u c t s . L ig h t  o f  any w a v e le n g th  can  p ro d u c e  
h a l a t i o n  i n  p h o to g r a p h ic  m a t e r i a l s  s e n s i t i v e  t o  i t ,  so 
h i g h l y  e f f i c i e n t  a n t i - h a l a t i o n  d e v ic e s  a r e  n e c e s s a r y  f o r  
modern p a n c h ro m a t ic  e m u ls io n s .  H a l a t i o n  can be d im in i s h e d  
by u s in g  d y e s , c o a t e d  e i t h e r  on t h e  b a c k  o f  t h e  s u p p o r t  o r  
b e tw een  th e  s u p p o r t  and t h e  e m u ls io n  l a y e r ,  t o  a b s o rb  t h e  
h a rm fu l  r a d i a t i o n .
S i l v e r  h a l i d e s  s e n s i t i s e d  t o  e i t h e r  g r e e n  o r  t o  
r e d  l i g h t s  s t i l l  r e t a i n  t h e i r  b lu e  s e n s i t i v i t y .  T h e r e f o r e ,  
i t  i s  n e c e s s a r y  i n  t h e  m ake-up o f  c o lo u r  p h o to g r a p h ic  
sy s tem s  t o  i n c l u d e  a y e l l o w - c o l o u r e d  l a y e r  o v e r  t h e  g r e e n  
and r e d  s e n s i t i s e d  l a y e r s  i n  o r d e r  t o  f i l t e r  o u t  b lu e  l i g h t . .  
The u n d e r l y in g  l a y e r s  c an  t h e n  o n ly  be  a f f e c t e d  by  g re e n  
and  r e d  l i g h t s  d u r in g  c am era - e x p o s u r e .
The dyes  u s e d  f o r  a n t i - h a l a t i o n  and  f i l t e r  
p u rp o s e s  a r e  r e q u i r e d  o n ly  d u r in g  c a m e ra -e x p o s u re  o f  th e  
p h o t o - s e n s i t i v e  l a y e r s  and  m ust be  rem oved by s u b s e q u e n t  
t r e a t m e n t  p r e f e r a b l y  d u r in g  d ev e lo p m en t o r  f i x a t i o n .  Some 
c y a n in e s  and r e l a t e d  dyes  a r e  u s e f u l  b e c a u s e  th e y  a r e
8
b l e a c h e d  i n  p h o to g r a p h ic  p r o c e s s i n g  s o l u t i o n s .
Some c o l o u r  p h o to g r a p h ic  s y s te m s ,  su ch  a s  
C ib a c h ro m e , P o l a c o l o r ,  Kodak Dye T r a n s f e r , a n d  T e c h n i c o l o r ,  
depend  on t h e  u s e  o f  p re fo rm e d  azo  d y e s .  On th e  o t h e r  h a n d ,  
many c o lo u r  p r i n t s  and t r a n s p a r e n c i e s  p ro d u c e d  c o n t a i n  dyes  
fo rm ed  i n  an  e x p o sed  f i l m  o r  p r i n t  by t h e  o x i d a t i v e  
c o u p l in g  o f  a p - d i  a l k y 1amino a n i 1 i n e  d e v e lo p e r  w i th  th e  
n u c l e o p h i l i c  s p e c i e s  o f  compounds known a s  c o u p l e r s .  The 
c y a n - c o lo u r e d  i n d o a n i l i n e  dyes  from  p h e n o ls  and n a p h th o l s  
and th e  m a g e n ta - c o lo u re d  a z a m e th in e  dyes  from  h e t e r o c y c l i c  
compounds a r e  u s e f u l  a s  im age d y e s .
Im provem ents  t o  p h o to g r a p h ic  sy s tem s  a r e  o f t e n  
s o u g h t ,  and to  t h o s e  ends b e t t e r  d y es  a r e  som etim es n eed ed  
t h a n  th o s e  known. T hus ,  t h e  s tu d y  o f  t h e  c h e m is t r y  o f  
dyes  d e r i v e d  from  h e t e r o c y c l i c  compounds can  be b o th  
s t i m u l a t i n g  and  p o t e n t i a l l y  p r o f i t a b l e .  The o v e r a l l  
o b j e c t i v e  o f  t h e  p r e s e n t  work was to  e x te n d  th e  r a n g e  o f  
d yes  a v a i l a b l e  f o r  u se  i n  p h o to g r a p h ic  s y s te m s .  The 
s y n t h e s i s  and s t r u c t u r e  o f  some new dyes  d e r i v e d  from
1 , 3 - d i a l k y l b a r b i t u r i c  a c i d s  have  b e e n  i n v e s t i g a t e d .  The 
p r e p a r a t i o n s  o f  some d e r i v a t i v e s  of a n o v e l  h e t e r o c y c l i c  
s y s te m ,  I H - p y r a z o l o [ 3 » 2 - c ] - s - t r i a z o l e , and  t h e i r  con­
v e r s i o n s  to  dyes  have  a l s o  b e e n  i n v e s t i g a t e d .
1 , 2 .  C e r t a i n  C la s s e s  o f  Dyes R e l a t e d  t o  C y an in es
One p h o to g r a p h ic  company, a l o n e ,  h a s  repo rted"^  
t o  have  e v a l u a t e d  1 3 ,0 0 0  dyes  a s  s p e c t r a l  s e n s i t i s e r s  and 
1 5 ,0 0 0  compounds a s  c o u p le r s  f o r  c o lo u r  p h o to g r a p h ic  im a g e s ,  
s o ,  a s  would be  e x p e c te d  t h e  l i t e r a t u r e  on c y a n in e s  and  
r e l a t e d  dyes  i s  v a s t ,  much o f  i t  b e in g  i n  t h e  form  o f  
p a t e n t s .  T h e re  h ave  b e e n  s e v e r a l  r e v i e w s ^ ’^ ’^ ’^ ’'^one^ o f
9
w hich i s  a c o m p reh en s iv e  s u rv e y  o f  th e  f i e l d  up t o  t h e  end 
o f  1 9 5 9 .
The new compounds o f  t h e  p r e s e n t  work a r e  dyes  
and i n t e r m e d i a t e s  d e r i v e d  from  h e t e r o c y c l i c  s y s te m s .  The 
d yes  a r e  n o t  t r u e  c y a n in e s  h u t  can  be r e g a r d e d  a s  r e p r e s e n ­
t a t i v e s  o f  t h e  c y a n in e  b a s e s ,  o x o n o ls ,  m e ro c y a n in e s  and 
n o n - i o n i c  t r i n u c l e a r  d y e s .  I t  i s  w o r th w h i le ,  h o w e v e r , t o  
r e c a l l  t h e  e a r l y  work on th e  e l u c i d a t i o n  o f  t h e  s t r u c t u r e s  
o f  th e  c y a n in e s  a s  t h i s  r e p r e s e n t s  th e  s c i e n t i f i c  b a s i s  on 
w hich  d e v e lo p m e n ts  w i t h i n  t h e  f i e l d  have a c c r u e d .
F o r  c o n v e n ie n c e  i n  d i s c u s s i o n  some t r i v i a l  and 
a b b r e v i a t e d  names a r e  u s e d .  I n  naming th e  new compounds, 
h ow ever ,  th e  n o m e n c la tu r e  w i l l  be  s y s t e m a t i c .  I n  o r d e r  
t o  a v o id  r e p e t i t i o n  c e r t a i n  sym bols w i l l  be u s e d  and t h e s e  
w i l l  r e p r e s e n t  t h e  f o l l o w i n g ,  u n l e s s  o th e r w i s e  s p e c i f i e d :
A = atom s to  co m p le te  a n i t r o g e n - c o n t a i n i n g  h e t e r o c y c l i c  
sy s te m .
B = atom s t o  co m p le te  a  c a r b o n y l - c o n t a i n i n g  c y c l i c  sy s tem  
R = a l k y l  X = a n io n
1 . 3 . C yanine  Dyes
A d i n u c l e a r  c y a n in e  i s  a m onoacid  s a l t  i n  w hich  
two h e t e r o c y c l i c  n i t r o g e n - c o n t a i n i n g  n u c l e i  a r e  l i n k e d  by 
an  odd-num bered  c a rb o n  c h a in  c o n t a i n i n g  c o n ju g a te d  d o u b le  
b o n d s .  One n i t r o g e n  atom i s  t e r t i a r y  and t h e  o t h e r  
q u a t e r n a r y . R esonance  fo rm s o f  th e  g e n e r a l  s t r u c t u r e  o f
c y a n in e s  ( l a  4-------- ► l b ;  m=0 o r  1 , n =0 o r  a s m a l l  p o s i t i v e
i n t e g e r )  a r e  d e p i c t e d :
10
^  * — — — # to — ^ — ^
R-N-(GH=GH-) C m
©: :R-N=(CH-CH=) C m
GH-(CH=CH-) G nI
A
! ® c \  (GH-GH=)^N -  R X n i a )
GH=(GH-GH=)^ G (GH=GH-) N  ^ m -  E x O ( lb )
8
The e a r l i e s t  p r e p a r a t i o n  of th e  b lu e  d y e ,  
c y a n in e ,  was i n  1856 by  G.H. G r e v i l l e  W il l ia m s  who c a u se d  
c a u s t i c  a l k a l i  t o  r e a c t  w i th  a  q u a t e r n a r y  q u in o l in iu m  s a l t  
S u b s e q u e n t ly ,  i t  was r e c o g n i s e d  t h a t  t h i s  s a l t  m ust have 
c o n ta in e d  some o f  t h e  4 -m e th y l  hom ologue, l e p i d i n e ^ ,  and 
t h a t  th e  f o r m a t io n  o f  c y a n i n e ^ ^ ’^^ could be r e p r e s e n t e d  by 
E q u a t io n  1 .
GgH^N.G^H^I + G^qH^N.G^H^I  ------ ► ^23^23^2^ + + HI E q . ( l )
By s u b s t i t u t i n g  q u i n a l d i n e  f o r  l e p i d i n e  i t  i s
p o s s i b l e  t o  o b t a i n  th e  l e s s  d e e p l y - c o l o u r e d  d y e ,  i s o c y a n in e
I t  was d i s c o v e r e d  t h a t  i s o c y a n in e s  s e n s i t i s e  p h o to g r a p h ic
e m u ls io n s  w i th o u t  f o g g in g  o r  s t a i n i n g  and th e  p u b l i c a t i o n
12o f  a number o f  German p a t e n t s  f o l lo w e d  . The c u r r e n t l y -  
a c c e p te d  s t r u c t u r e s  w ere p ro p o s e d  f o r  c y a n in e  ( 2 ; R^GgH^, 
n=0) and i s o c y a n in e  (3 ;  R = a l k y l , n=0) i n  1906 , a l th o u g h
11
ope n - c h a in  f o r m u l a t i o n s  were f a v o u re d 13
RN H(-GH=GH)^—
( 2 )
N ^GH(-GH=GH)R
(3 )
NR
'GH(-GH=GH) n 'N-R Ï 0
(4 )
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I t  was th e  n e e d s  o f  th e  A l l i e s  i n  t h e  f i r s t  
World War f o r  e m u ls io n s  s e n s i t i v e  to  r e d  and i n f r a r e d  f o r  
a e r i a l  p h o to g ra p h y  t h a t  p ro m p ted  th e  p r e p a r a t i o n  and 
th o ro u g h  i n v e s t i g a t i o n  o f  t h e  c h e m is t r y  o f  th e  c y a n in e  
dyes  by S i r  W ill ia m  P o p e ,  W.H. M i l l s  and c o -w o rk e rs  a t  
C am bridge .
The c o n s t i t u t i o n  o f  1 , 1 ' - d im e t h y l i s o c y a n i n e  was
e s t a b l i s h e d ^ ^  by o x i d a t i o n  o f  t h e  dye w i th  p e rm a n a g a n a te
to  l - m e t h y l - 2 - q u i n o l o n e .  F u r th e r m o r e ,  a c i d i f i c a t i o n  o f
th e  o x i d a t i o n  m ix tu re  gave c i n c h o n i n i c  a c i d  m e t h o c h l o r i d e .
The s y n t h e s i s  o f  p - a m in o c in n a m y l id e n e q u in a ld in e  m e t h i o d i d e ,
w hich  d i f f e r e d  i n  p r o p e r t i e s  from  i s o c y a n i n e ,  d i s c o u n te d
15th e  ope n - c h a in  s t r u c t u r e  ' .
The s t r u c t u r e  o f  c y a n in e  f o l lo w e d  from  th e  
e s t a b l i s h m e n t  o f  t h a t  o f  i s o c y a n in e  b e c a u s e  o f  th e  c l o s e  
r e l a t i o n s h i p  i n  g e n e r a l  p r o p e r t i e s  o f  t h e  two d y e s ^ ^ .  The 
i s o m e r i c  2 , 2 ' - c y a n in e  (4 ;  R=CH^, n=0) was p r e p a r e d  i n  1920 
by th e  c o n d e n s a t io n  o f  q u i n a l d i n e  m e th io d id e  w i th  2-  
i o d o q u i n o l i n e  m e th io d id e ^  . The s t r u c t u r e  o f  th e  v in y lo g u e ,  
p in a c y a n o l  (4 ;  R=C2H^, n = l )  was e s ta b l is h e d ^ * ^  by  o x i d a t i o n  
o f  th e  dye w i th  d i l u t e  n i t r i c  a c i d  t o  q u i n a l d i n i c  a c i d  
e t h o n i t r a t e  and w i th  p e rm a n g a n a te  to  l - e t h y l - 2- q u in o l o n e ,  
and co n f irm e d  by s y n t h e s i s  from  q u i n a l d i n e  e t h i o d i d e  and 
e t h y l  o r th o fo rm a te ^ ® .  The i s o m e r i c  dyes  (2  and 3; R^CgH^, 
n = l )  were s u b s e q u e n t ly  p r e p a r e d ^ * ^ .
Two dyes  can  be o b t a i n e d  from  h e a t i n g  t h e  
e t h i o d i d e s  o f  b e n z o t h i a z o l e  and 2 - m e th y l b e n z o th i a z o l e  i n  
p y r i d i n e .  The s t r u c t u r e  o f  t h e  y e l lo w  o n e ,  t h i a c y a n i n e  
( 5 ; n=0 ) was e s t a b l i s h e d  by i t s  s y n t h e s i s  from  o -a m in o -  
t h i o p h e n o l .  The c o m p o s i t io n  o f  th e  p u r p l e  dye o b t a i n e d  can
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be  c o n s id e r e d ,  from  i t s  s i m i l a r i t y  to  p i n a c y a n o l ,  t o  have
Pith e  t h i a c a r b o c y a n i n e  s t r u c t u r e  ( 5 ; n = l )
( 5) ( 6 )
C yanine i s  a s y m m e tr ic a l  dye i n  t h a t  b o th
h e t e r o c y c l i c  n u c l e i  a r e  s i m i l a r  i n  s t r u c t u r e  and p o s i t i o n
o f  a t t a c h m e n t  o f  t h e  m e th in e  c h a i n .  On th e  o t h e r  h a n d ,
i s o c y a n in e  i s  u n s y m m e tr ic a l  b e c a u s e  t h e  p o s i t i o n s  o f
a t t a c h m e n t  o f  t h e  c o n ju g a te d  c h a in  to  th e  h e t e r o c y c l i c
n u c l e i  d i f f e r .  A n o th e r  ty p e  o f  u n s y m m e tr ic a l  dye ( 6 ) ,  i n
w hich  t h e  h e t e r o c y c l i c  n u c l e i  a r e  d i f f e r e n t , can  be
p r e p a r e d  by c o n d e n s in g  th e  e t h i o d i d e s  of 2-me t h y  l b  enz o t h i  a?-
z o le  and q u i n o l i n e  i n  t h e  p r e s e n c e  o f  c a u s t i c  a l k a l i  i n  
22b o i l i n g  e th a n o l
Once th e  c h e m is t r y  o f  t h e  c y a n in e s  had  b een  
s u r e l y  e s t a b l i s h e d ,  many i n t e r e s t i n g  d e v e lo p m en ts  were 
r e a l i s e d .  T hus ,  t h e  e t h y l  o r th o f o r m a te  m ethod c o u ld  be 
e x te n d e d  to  th e  p r e p a r a t i o n  o f  s y m m e tr ic a l  t r i m e t h i n e -  
c y a n in e  dyes by i t s  c o n d e n s a t io n  w i th  q u a t e r n a r y  s a l t s  
c o n t a i n i n g  r e a c t i v e  m e th y l  g ro u p s  d e r iv e d  from  b a s e s  such
p % p2ia s  2 , 5 , 5 - t r i m e t h y l i n d o l e n i n e  ^ , and 2 -m e th y lb e n z o x a z o le
I t  was shown p o s s i b l e  to  r e p l a c e  e t h y l  o r th o f o r m a te  by
e t h y l  o r t h o a c e t a t e  i n  th e  above r e a c t i o n s  t o  o b t a i n  c a r b o -
2 Sc y a n in e s  c a r r y i n g  a m e th y l  g roup  i n  th e  c o n ju g a te d  c h a in  ' .  
Many o f  th e  dyes  o b ta in e d  were u s e f u l  s e n s i t i s e r s ^ ^ .
The p r e p a r a t i o n  o f  a z a c y a n in e s  i n  w hich  th e  
h e t e r o c y c l i c  n u c l e i  a r e  l i n k e d  by a n i t r o g e n  atom i n s t e a d
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o f  a m e th in e  g roup  was r e a l i s e d  i n  1924^*^.
An im p o r ta n t  b r e a k th ro u g h  was e f f e c t e d  i n  1929 ,
by u s in g  d ip h e n y l fo r m a m id in e , i n  p l a c e  o f  e t h y l  o r th o f o r m a t e ,
when i t  was fo u n d  p o s s i b l e  t o  i s o l a t e  i n t e r m e d i a t e  p r o d u c t s
w hich  c o u ld  be  u t i l i s e d  i n  th e  p r e p a r a t i o n  o f  u n s y m m e tr ic a l
28t r i m e t h i n e c y a n i n e s  . L ik e w is e ,  p - a n i l i n o a c r a l d e h y d e  a n i l  
h y d r o c h l o r i d e  and g l u t a c o n i c  a ld e h y d e  d i a n i l i d e  h y d r o c h lo r id e  
c o u ld  be  u s e d  to  form  i n t e r m e d i a t e s  f o r  t h e  s y n t h e s i s  o f  
p e n ta - ^ ^ a n d  h e p ta m e th in e c y a n in e s ^ ^ , r e s p e c t i v e l y .
Many i n t e r m e d i a t e  compounds, u s e f u l  i n  th e  
p r e p a r a t i o n  o f  c y a n in e  d y e s ,  can  a l s o  be a p p l i e d  t o  th e  
p r e p a r a t i o n  o f  r e l a t e d  d y e s .  T hus , many o f  t h e  r e a c t i v e  
h e t e r o c y c l i c  q u a t e r n a r y  s a l t s  can  b e  u t i l i s e d  i n  th e  
p r e p a r a t i o n  o f  c y a n in e  b a s e s  and m e r o c y a n in e s , and th e  
r e a c t i v e  compounds u s e d  t o  fo rm  t h e  p o ly m e th in e  c h a in  i n  
c y a n in e  dye s y n th e s e s  a r e  a l s o  a p p l i c a b l e  t o  t h e  p r e p a r a t i o n s  
o f  o x ono l d y e s .
The dye c l a s s e s  t o  w hich  th e  dyes  o f  t h i s  work 
can  be a s s ig n e d  w i l l  now be d i s c u s s e d .
1 . 4 .  C yanine  B ases
The d yes  t o  b e  c o n s id e r e d  i n  t h i s  s e c t i o n  have  
g e n e r a l  s t r u c t u r e  ( 7 ; m=0 o r  1 , n =0 o r  a s m a l l  p o s i t i v e  
i n t e g e r ,  R = a lk y l  o r  H ).
1 A 1 r-------A
R-N-(CH=CH-)^0 = CH-(GH=CH-)^ Ù=(CH-CH=)^N ( 7 )
The b a s e  o f  an i s o c y a n in e  dye was o b t a i n e d ,
d u r in g  work on s t r u c t u r e  d e t e r m i n a t i o n ,  by  h e a t i n g  t h e  dye
51i n  vacuum w hereby e t h y l  i o d i d e  was e l im in a te d *  , A r o u t e  to  
t h e  s y n t h e s i s  o f  t h i a c y a n i n e s  r e q u i r e d  t h e  p r e p a r a t i o n  o f  
t h e  b a s e s  ( 8 ) and t h i s  can  be  a c h ie v e d  by t h e  m o n o a lk y la t io n
14-
o f  th e  r e a c t i o n  p r o d u c t  from  th e  c o n d e n s a t io n  o f  o-amino-
52t h i o p h e n o l  w i th  m a lo n ic  a c i d  .
,C=CH-C (8)
I t  was o b s e rv e d  and c la im e d  t h a t  a  number o f
c y a n in e  b a s e s  i s  u s e f u l  f o r  s p e c t r a l l y  s e n s i t i s i n g  s i l v e r
55h a l i d e  em u ls io n s '^ ' .
The c o n d e n s a t io n  o f  2 - im in o  -  5 -me th y  l b  en z o t h i  a -  
z o l i n e  w i th  q u i n a l d i n e  g iv e s  t h e  b a s e ^ ^ ( 9 ) and t h e  
p r e p a r a t i o n  o f  i t s  iso m e r  ( 1 0 ) h a s  b een  r e p o r t e d ^ ^ .
G=CH-I
CH
i-CH=l
(9 ) ( 10)
The s y n t h e s i s  o f  c y a n in e  b a s e s  can  g e n e r a l l y  
be  a c h ie v e d  by c o n d e n s in g  a q u a t e r n a r y  s a l t  ( 1 1 ; Y=8R o r  
N(OOGH^)CgH^) w i th  a h e t e r o c y c l i c  b a s e  ( 1 2 ) a c c o r d in g  to  
e q u a t io n  2 .
I © ,C -(OH=CH-)„Yn A'\ ( 7 )  + HY + HX
(11) (12)
T h u s , t h e  b a s e  ( 9 ) ca n  be p rep a red ,  by h e a t i n g  3 - m e th y l - 2 -  
m e th y l th io b e n z o th i a z o l iu m  t o l u e n e - ^ - s u l p h o n a t e  w i th  
q u i n a l d i n e  i n  p y r i d i n e ^ ^ , and i t s  v in y lo g u e  r e s u l t s  from  
t h e  c o n d e n s a t io n  o f  2- 2 ' - a c e t a n i l i d o v i n y l - 3 -m e th y lb e n z o -  
t h i a z o l i u m  i o d i d e  w i th  q u i n a l d i n e  i n  p y r id in e ? ® .
E q . ( 2 )
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A n o th e r  m ethod o f  s y n t h e s i s  c o n s i s t s  o f  t r e a t i n g  
a h e t e r o c y c l i c  b a s e  h a v in g  a m e th y lsu lp h o n e  group  w i th  a 
q u a t e r n a r y  s a l t  h a v in g  a  r e a c t i v e  m e th y l  g r o u p . T hus , 
th e  b a s e  ( 1 0 ) can  be  p r e p a r e d  from  t h e  c o n d e n s a t io n  o f  
2- b e n z o t h i a z o l y l  m e th y l  su lp h o n e  w i th  1 - m e th y l - 2- q u in o l in iu m  
i o d i d e  u n d e r  b a s i c  co n d it io n s '^ ^  .
The dye b a s e s  can  be o b t a i n e d  sm o o th ly  by 
h e a t i n g  th e  c o r r e s p o n d in g  c y a n in e  dyes i n  a h ig h  b o i l i n g  
n i t r o g e n o u s  b a s e ,  su c h  as  d ie  t h y 1 a n i l i n  e^ ^ . I t  i s  u s u a l  
f o r  u n sy m m e tr ic a l  dyes  t h a t  t h e  a l k y l  g roup  i s  c l e a v e d  from  
t h e  more b a s i c  h e t e r o c y c l i c  n u c l e u s ,  a l th o u g h  i n  some 
c a s e s ,  two i s o m e r i c  b a s e s  can  be  o b t a in e d  - .
A useful route^^’^ ^ to  cyanine bases is by the 
condensation of a quaternary salt (15; Y=SR or N(COCH^)
GgH^, n=0 , 1 o r  2 )  w i th  a h e t e r o c y c l i c  b a s e  (14-; Z = e l e c t r o -  
n e g a t i v e  g ro u p ,  su ch  as  cy an o )  a c c o r d in g  t o  E q u a t io n  3«
_ ,C - ( C H = C H - )  Y + Z C H . , - d  ^ f  C =( C H -C H = ) _  G-C.  ",
E X ®  E
+ HX + HY E q . ( 5 )(15) (14-)
D u rin g  a c i d  h y d r o l y s i s  o f  th e  o b t a i n e d  dye th e  s u b s t i t u e n t  
Z i s  r e p l a c e d  by a proton^*^. By t h i s  means i t  i s  p o s s i b l e  
to  p r e p a r e  p o ly m e th in e  d y e s  d e r i v e d  from  a number o f  
h e t e r o c y c l i c  b a s e s  i n c l u d i n g  b e n z o t h i a z o l e ,  2 - q u i n o l i n e  and 
4—q u i n o l i n e .
Some c y a n in e  b a s e s  w hich  c o n t a i n  l e s s  u s u a l
4-1h e t e r o c y c l i c  n u c l e i ,  su ch  a s  5 ? 1 ,4—b e n z o t h i a z i n e  , 
p e r i n a p h t h o - 1 , 5 - t h i a z i n e ^ ^ , t e t r a z o l o [ a ] p y r i m i d i n e ^ ^ , and 
^ - t r i a z o l o [ 2 ,5 - a ] p y r i m i d i n e '^ ^ ^  have b e e n  d e s c r i b e d .
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The m e th in e  b a s e  (1 6 ;  R=G^H^, R*=H, n=0) can 
be o b t a in e d  by h e a t i n g  2 ,4 —d i p h e n y l p y r r o l e  w i th  e i t h e r  
e t h y l  o r th o f o r m a te  i n  a c e t i c  a c i d  o r  w i th  d ip h e n y l f  ozrm ami d in e
i n  a c e t i c  a n h y d r id e 44 A m e s o - s u b s t i t u t e d  b a s e  (1 6 ;  R=R'=
GgH^, n=0 ) r e s u l t s  from  th e  c o n d e n s a t io n  o f  t h e  p y r r o l e
44w i th  b e n z o t r i c h l o r i d e
R ( = GH- GH )
R
^ RH R'
V
H ■N^^R
(1 6 ) (1 7 )
The a c i d  s a l t  o f  t h e  t r i m e t h i n e c y a n i n e  b a s e
(1 6 ;  R=GgHcj R'=GH^,  n = l )  r e s u l t s  from  th e  c o n d e n s a t io n  o f
2 ,4—d i p h e n y l p y r r o l e , e t h y l  o r th o f o r m a te  and  a c e to n e  i n  th e
4-5p r e s e n c e  o f  a c i d  ' .
The a z a m e th in e  dye (1 7 ;  R=Gg^H^) can  be p r e p a r e d  
by  h e a t i n g  2 ,4—d i p h e n y l - 5 - n i t r o s o p y r r o l e  w i th  2 ,4—d ip h e n y l -
p y r r o l e 4-6
O th e r  a z a m e th in e c y a n in e  b a s e s  can  be  p r e p a r e d
by c o n d e n s in g  2 - amino-4—p h e n y l t h i  a  zo1 e w i th  N - e t h y l - 2 -
4-7im in o b e n z o th i a z o l in e  , and 5 - a m in o in d o le s  w i th  2 - fo rm y lq u in o -
l i n e n s .
The b a s e  (1 8 )  i s  fo rm ed  when 5 - e t h y l - 2 - b e n z o -  
h y d razo n e  i s  t r e ;  
d ic h lo ro m e th y lb e n z im id a z o le
t h i a z o l o n e  a t e d  w i th  e i t h e r  2 - fo rm y l  o r  2 -
49
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H
CH
( 19)(1 8 )
I t  i s  c o n v e n ie n t  t o  i n c l u d e  i n  t h i s  c l a s s i f i c a t i o n  
t h e  a z a m e th in e  dyes  p r e p a r e d  hy th e  c o u p l in g  o f  h e t e r o c y c l i c  
b a s e s  w i th  o x i d i s e d  p - d i a l k y l a m i n o a n i l i n e  d e v e l o p e r s .
The p y r a z o l o [ 2 ,5 - a ] b e n z im id a z o le  dye (1 9 )  sind r e l a t e d  
compounds have  been  c la im e d  t o  be u s e f u l  m ag en ta  dyes  f o r  
c o lo u r  p h o to g r a p h ic  sy s te m s^ ^  and the r e l a t e d  p y r a z o lo  
[ $ ,2 - b ] q u in a z o l in o n e  dyes  (2 0 ;  Y=Z=H) and (20;  Y = su lp h o n ic  
a c id )  Z = s te a ry la m id o ) a r e  c la im e d  t o  b e ,  r e s p e c t i v e l y ,  
m agen ta  and cyan  image d y e s ^ ^ .
N N
N‘
/" " 'A(GH-GH=)_ G ;
C2H5
(21)
A c o a t i n g  c o n s i s t i n g  o f  a m ix tu re  o f  th e  t r i n u c l e a r
c y a n in e  b a s e  (2 1 ;  A=atoms to  co m p le te  a b e n z o t h i a z o l e  sy s te m )
and c a rb o n  t e t r a b r o m id e  when exposed  to  l i g h t  i s  r a p i d l y
b l e a c h e d ,  and i s  o f  i n t e r e s t  i n  u n c o n v e n t io n a l  p h o to g r a p h ic  
82systems"^ .
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1 . 5 .  Oxonol Dyes
The oxono ls-^^ , d e r i v e d  from c y c l i c  c a r h o n y l -  
c o n t a i n i n g  compounds, a r e  p o ly m e th in e  dyes  i n  w hich  two 
c y c l i c  n u c l e i  a r e  l i n k e d  by  an  odd-num bered  c a rb o n  c h a in  
c o n t a i n i n g  c o n ju g a te d  d o u b le  b o n d s .  R esonance form s
( 2 2 a 4------► 22b ;  M =proton o r  c a t i o n ,  n =0 o r  a s m a l l  p o s i t i v e
i n t e g e r )  o f  th e  g e n e r a l  s t r u c t u r e  a r e  i l l u s t r a t e d :
a0 -
-B“-
.-'BI I
-  CH(=GH -  GH) = G -  G = 0n1
M©
( 22a )
..-B !..
0 = G -  G = GH(-GH = GH) -  G = G -  o'©n
M®
( 22b )
, w h i l s t  o t h e r s  a r e  u s e f u l  as  a n t i - h a l a t i o n  
,55
C e r t a i n  dyes  o f  t h e  c l a s s  a r e  v a l u a b l e  as  s p e c t r a l
Is e n s i t i s e r s -  
and f i l t e r  dyes-
The e a r l i e s t  known dye o f  t h i s  c l a s s ,  t h e  y e l lo w  
m onom eth ineoxonol (2 5 ;  R=H) can  be  p r e p a r e d  from  3 - m e t h y l - l -  
p h e n y l - 2 - p y r a z o l i n - 5 “ One by  c o n d e n s a t io n  w i t h , e i t h e r  
e t h y l  o r th o f o r m a te  i n  a c e t i c  a c i d ^ ^ ,  o r  d ip h e n y lfo rm a m id in e
i n  a c e t i c  a n h y d r id e 57
Ah ,
HOC
OH
C.
R GH.
(25) (2 4 )
Formamide can  be  u s e d  t o  form t h e  monomethine
b r id g e  i n  b o th  o x o n o l s (25;  R=H) and ( 2 4 ) .  The l a t t e r
dye can  a l s o  be o b t a i n e d  from  t h e  oxom ethy lene  compound,
89e i t h e r  by h e a t i n g  w i th  c h lo ro fo rm  i n  alkali-"^' , o r  by th e  
u s e  o f  f o rm ic  a c i d ^ ^ .
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The c o r r e s p o n d in g  m onom eth ineoxono ls  r e s u l t  when,
e i t h e r  5 - e t h y l r h o d a n i n e , o r  5 , ? a - d i a z a i n d a n - l - o n e  i s  h e a t e d
w i th  e t h y l  o r th o f o r m a te  i n  b a s i c  s o l u t i o n s ^ ^ ^ a n d  when
5 î ? a - i n d a n - 2 -o n e  i s  co n d en sed  w i th  e t h y l  i s o f o r m a n i l i d e
i n  e t h a n o l  i n  th e  p r e s e n c e  o f  t r i e t h y l a m i n e ^ ^ .
The compounds, 5 - e t h y l - l - p h e n y l - 2 - t h i o h y d a n t o i n ,
2 - d ip h e n y la m in o - 4 - o x o th i a z o l in e  and l ' - e t h y l - 2 - o x o in d o l i n e
on h e a t i n g  w ith  d ie th o x y m e th y l  a c e t a t e  g iv e  t h e  c o r r e s p o n d in g
53m onom eth ineoxono ls  .
The c o n d e n s a t io n ,  E q u a t io n  4 , o f  a c y c l i c  
oxom ethy lene  compound ( 2 5 ) w i th  an  a p p r o p r i a t e  d e r i v a t i v e  
o f  e i t h e r  i t s e l f ,  o r  o f  a n o t h e r  c a r b o n y l - c o n t a i n i n g  compound 
( 26 ;  Y=OH, OR, o r  N(COCH^)C^H^, n=0) r e s u l t s  i n
s y m m e tr ic a l  and u n s y m m e tr ic a l  o x o n o ls ,  r e s p e c t i v e l y .
\
. ' G O
'.CHg
(25)
+ Y-CH(=CH-CH) = n
B'
( 2 2 )  + HY
(2 6 )
E q . ( 4 )
T hus , th e  s y m m e tr ic a l  oxono l (2 7 )  can  be  o b t a i n e d  by 
h e a t i n g  2- o x o d ih y d r o th ia n a p h th e n e  w i th  i t s  3- fo r m y l  d e r i v a t i v e  
i n  e th a n o l  i n  th e  p r e s e n c e  o f  t r i e t h y l a m i n e , and  t h e  i s o m e r i c  
dye (2 8 )  i s  p r e p a r e d  by c o n d e n s in g  2- f o r m y l - $ - o x o d ih y d r o -  
th i a n a p h th e n e  w i th  2 - o x o d ih y d r o th ia n a p h th e n e  u n d e r  e i t h e r  
a c i d ,  o r  b a s i c  c o n d i t i o n s ' ^ .
A  /.00 HOC.
^  C H - ' ^ C = OH
T-<X)
(2 7 ) (2 8 )
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U n sy m m etr ica l m onom eth ineoxono ls  a r e  p r e p a r e d  
hy c o n d e n s in g  4 - a c e t a n i l i d o m e t h y l e n e - 5 -m e th y l - l - p h e n y l - 2 -  
p y r a z o l i n - 5 - o n e  w i th  b a r b i t u r i c  a c i d s ^ ^ ^ .  The u se  o f  
e th o x y m e th y le n e  d e r i v a t i v e s  o f  c y c l i c  m e th y le n e  compounds 
can  be  a p p l i e d  to  th e  p r e p a r a t i o n  o f  th e  oxono l ( 2 9 ) and 
r e l a t e d  d y e s ^ ^ .
S  CjJO HOgj----- ^ CH,U-----CO HOC----- NCH-
^^2.Zj.^29 SC-^g/C =
CoH,
~  ^  1 4 ^ 2 9  'v g .- '   C — C'>.gx^C8
''2=5
(29) (30)
M onom eth ineoxonols  i n  w hich  t h e  m esocarbon  atom 
c a r r i e s  a s u b s t i t u e n t  have  b e e n  d e s c r i b e d .  T hus ,  th e  
dye (2 5 ;  R=CH^) r e s u l t s  from  c o n d e n s in g  5 - m e t h y l - l -  
p h e n y l - 2- p y r a z o l i n - 5-o n e  w i th  e t h y l  o r t h o a c e t a t e ^ ^ ^
The dye (5 0 )  can  be p r e p a r e d  by  h e a t i n g  5 - m e th y l rh o d a n in e  
w i th  p r o p io n i c  a n h y d r id e  and t r i  e t h y l  amine , The con­
d e n s a t io n  o f  5 - m e t h y l - l - p h e n y l - 2 - p y r a z o l i n - 5“ One w i th  5 -  
m e t h y l - 5- ( d i m e t h y l t h i o ) m e t h y l e n e r h o d a n i n e  g i v e s  t h e  
o x o n o l^ ^  ( 5 1 ) .
CH.-N CO HOC----NCÆc3 I T II I 6 5SCvQ^C = C -  C v^N
- = 3  t ,
(31)
The c o r r e s p o n d in g  sy m m e tr ic a l  t r i m e t h i n e o x o n o l s  
(2 2 ;  B= B ' , n = l )  r e s u l t  from  th e  c o n d e n s a t io n  o f  5 - o x o d ih y d ro -
Z^l ot h i a n a p h th e n e  w i th  1 , 5 ?3 i - t r i e t h o x y p r o p - l - e n e " ^  , and o f
5 - e t h y l r h o d a n i n e  w i th  l - a n i l i n o - 5- p h e n y l im in o p r o p - l - e n e  
h y d r o c h l o r i d e , u n d e r  b a s i c  c o n d i t io n s '* ^ .
5 - E th o x y , 5 - a n i l i n o ,  o r  5- s ic e t  a n i  l i d o a l l y l i d e n e
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d e r i v a t i v e s  o f  c y c l i c  c a r b o n y l - c o n t a i n i n g  compounds (2 6 ;  
n - l )  can  be co n d en sed  w i th  u n s u b s t i t u t e d  oxom ethy lene  
compounds t o  g iv e  u n sy m m e tr ic a l  t r i m e t h i n e o x o n o l s  ( 2 2 ; n = l )  
a c c o r d in g  t o  E q u a t io n  4 .  T hus ,  f o r  exam ple ,  th e  h e a t i n g  
o f  4 - 5 ' - a c e t a n i l i d o a l l y l i d e n e - 5 - m e t h y l - l - p h e n y l - 2- p y r a z o l i n -
5-o n e  and 1 , 5 - d i e t h y l h a r b i t u r i c  a c i d  w i th  t r i e t h y l a m i n e  i n  
p y r i d i n e  g iv e s  t h e  d y e ^ ^ ° ( 5 2 ) .
CH
0
HOG—
CH = CH -  C ^ g ^
(32)
T r im e th in e o x o n o l s  c o n t a i n i n g  s u b s t i t u e n t s  i n  
th e  c o n ju g a te d  c h a in  have  b e e n  d e s c r i b e d  i n c l u d i n g  a -
m e th y l  and a  ? a ' - d i m e t h y l  s u b s t i t u t e d  dyes  from  5- n i e t h y l - l -
70 71 72p h e n y l - 2- p y r a z o l i n - 5-o n e  , p -cyano^  , and p - n i t r o '
d e r i v a t i v e s  o f  5 - e t h y l  r h o d a n in e  and p -h a lo g e n o  s u b s t i t u t e d
75dyes  from  3 »7 a—i n d a n - 2 -one'^ • .
T r im e th in e o x o n o l s  can  be  o b t a in e d  i n  w hich  t h e
c o n ju g a te d  c h a in  i s  p a r t  o f  a c y c l i c  sy s tem ; th e  dyes  ( 3 3 )
and (3 4 )  a r e  exam ples  w hich  have  b e e n  c la im e d  to  be  u s e f u l
74i n  a n t i - h a l a t i o n  l a y e r s .
CjJOOH
O^H .N— CO ,C. HOC NCÆc C Æ .N  00 HOC---- HC.-H^6 3i I /  ^  M 1 6 3 6 5 l  T Q i o 5
I K p X I  = C 'C  -  C ^ ^ N  N ; ^ ^ C  =  C  G = C H - C > v p ^
I ,  K  I ,
(33)  (34.)
S y m m etr ica l  p e n ta m e th in e o x o n o ls  (22;  B=B' ,  n=2) 
can  be p r e p a r e d  by h e a t i n g  c y c l i c  o x o m eth y len e  compounds,
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su c h  a s  3“ O x o d ih y d r o th ia n a p h th e n e , p y r a z o l o n e s ,  r h o d a n in e s  
and  b a r b i t u r i c  a c i d s  w i th  l - a n i l i n o - 3 - p h e n y l i m i n o p e n t a - l , 3 -  
d ie n e  h y d r o c h l o r i d e ,  u n d e r  b a s i c  c o n d i t i o n s ^ ^ ^ ’ 55d,
On heating 3-methyl-l-phenyl-2-pyrazolin-3- 
one with 2 ,4 —dinitrophenylpyridinium chloride in the presence 
of a base, the pyridine ring is ruptured and the derivative 
(35) is formed. This, in turn, can be reacted with other 
oxomethylene compounds to give unsymmetrical pentamethine- 
o x o n o l s (2 2; n~2 , B=atoms to complete a pyrazolone
nucleus, B'=atoms to complete a cyclic system such as a 
rhodanine or a barbituric acid).
MOg
(35)
The t r i n u c l e a r  dyes  (3 6 )  and (37) r e s u l t  from 
c o n d e n s in g ,  u n d e r  b a s i c  c o n d i t i o n s ,  3 - n i e th y l - 2 - ( d i - ^ - m e t h y l  
t h i  n ) v in y lb e n z o th i a z o l iu m  i o d i d e  w i th  3 - e t h y l r h o d a n i n e  
and 4 - i s o p r o p y l i d e n e - 3 - m e t h y l - l - p h e n y l - 2 - p y r a z o l i n - 3 - o n e , 
r e s p e c t iv e ly * ^ ^ .
CO HOC — N02^3 ^ 6 ^ 5 ?  fO HOC-----
SCv.g^C = Y -  O^g^CS N^q/C=Ç-CH=Ç-CH=C-C-vq^N
f  i n  f  ® 3 i H 3
/  \S NCH,\  / 5
(56) (37)
Complex o x o n o ls  (3 8 ;  B=atoms to  co m p le te  a
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4-hydroxy-l-oxo-isochromen-3-yl, 4-hydroxy-2-oxochroinen~3'- 
yl or 3-hydroxy-l-oxoinden-2-yl system, R=H, OC^H^, 
and (39) have been described*^^
/COEË II 0 0 ----- NCEgCOOCgH,- 0 0 ---- NCEgCOOCgHc\ II I I 2 2 3 I I 2 2 5'"0 -  OH = CL O = CH -  OR = C'.^^GS
(58)
C. ^0 mCCpH )
CoHc-N 'C O _^C w G  = CH -  d^„^G ^O C — NCoH- ? 5
(59)
1 , 6 .  M erocyan ine  Dyes
The m e ro c y a n in e s  a r e  n o n - io n i c  dyes  o f  g e n e r a l
fo rm u la  (4 0 a  4------------^ 40b ; m=0 o r  1 ,  n=0 o r  a s m a l l  p o s i t i v e
i n t e g e r ) .
r - - - A  1 O f" 'A
R -  É(-CH = OH) -C (=CH -  CH)„= C /  (4 0 a )I
1 ® o i  'bH -% (= G H -  GH)^=G (-GH -  GH)^- (4 0 b )
Dyes o f  t h i s  c l a s s  h av e  a t t r a c t e d  c o n s id e r a b l e  a t t e n t i o n ;  
many o f  them a r e  good s p e c t r a l  s e n s i t i s e r s  f o r  s i l v e r  
halides*^® .  Some members o f  th e  c l a s s  a r e  u s e f u l  a s  f i l t e r  
and a n t i - h a l a t i o n  dyes*^*^, w h i l s t  o t h e r s  have  a p p l i c a t i o n s  
t o  t e x t i l e s ^ ^ .
A v a r i e t y  o f  h e t e r o c y c l i c  sy s te m s  h a s  b e e n  u s e d  
f o r  fo rm in g  m ero cy an in e  d y e s ^ .  The more u s u a l  n i t r o g e n -  
c o n t a i n i n g  h e t e r o c y c l i c  n u c l e i  i n v o lv e d  i n c l u d e ;  b e n z i m i d a z o l e ,
24
p y r i d i n e ,  q u i n o l i n e ,  n a p h t h o t h i a z o l e , ‘b e n z o t h i a z o l e , 
b e n z o s e l e n a z o l e , b e n z o x a z o le ,  t h i a z o l e ,  t h i a z o l i n e ,  i n d o l e n i n e ,  
i n d o l e ,  i n d o l i z i n e  and p y r r o l e .  Among t h e  u s e f u l  c y c l i c  
c a r b o n y l - c o n t a i n i n g  compounds a r e  d e r i v a t i v e s  o f  i n d a n - 1 , 5 -  
d io n e ,  p y r a z o lo n e ,  i s o x a z o lo n e ,  b a r b i t u r i c  a c i d ,  rh o d a n in e  
and h y d a n to in .  A na logous  dyes  d e r i v e d  from  o p e n - c h a in  c a r -
OTb o n y l - c o n t a i n i n g  compounds a r e  known ,
Dyes c o n t a i n i n g  c e r t a i n  s u b s t i t u e n t s  i n  e i t h e r  
t h e  n i t r o g e n - c o n t a i n i n g  h e t e r o c y c l i c  n u c le u s  o r  t h e  c a r ­
b o n y l - c o n t a i n i n g  r i n g  sy s te m  ca n  have  im proved  p r o p e r t i e s  
i n  co m p ar iso n  w i th  th o s e  w i th o u t  such  s u b s t i t u t i o n .  Thus, 
d y es  c o n t a i n i n g  e i t h e r  a 2 - p h e n o x y e th y l  g roup  a t t a c h e d  to  
th e  N-atom o f  t h e  b a s i c  h e t e r o c y c l i c  n u c l e u s  o r  a lo n g  
c h a in  h y d ro c a rb o n  r e s i d u e ,  su c h  a s  d o d e c y l , i n  th e  c a r b o n y l -  
c o n t a i n i n g  r e s i d u e  can  be  n o n - d i f f u s i n g ^ ^ ;  a  p r o p e r t y  
n e c e s s a r y  o f  s e n s i t i s i n g  d y es  u s e d  i n  m u l t i - l a y e r  p h o to g r a p h ic  
s y s te m s .  C e r t a i n  m e r o c y a n in e s , c o n t a i n i n g  e i t h e r  i n  th e  
o xom ethy lene  r e s i d u e  a c a r b o x y a r y l ^ ,  s u l p h o a r y l ^ ^ , 
c a r b o x y a lk y l  o r  a  s u lp h o a lfc y l  g r o u p o r  i n  t h e  b a s i c
87h e t e r o c y c l i c  n u c l e u s  a  s u lp h o a r y l  o r  su lp h o m e th y l  g roup  ^ , 
a r e  u s e f u l  as  f i l t e r  dyes  s i n c e  su c h  g ro u p s  im p a r t  
s o l u b i l i t y  so t h a t  t h e  dyes  a r e  removed d u r in g  p r o c e s s i n g  
i n  a l k a l i n e  s o l u t i o n s .  Some s e n s i t i s i n g  dyes  h a v in g  an 
N , N - d i s u b s t i t u t e d  a m in o a lk y l  g roup  a t t a c h e d  to  t h e  c y c l i c  
c a r b o n y l - c o n t a i n i n g  r e s i d u e  a r e  s o lu b l e  i n  aqueous  a c i d i c  
s o l u t i o n s  so l e a v e  l e s s  s t a i n  th a n  s i m i l a r  dyes  w i th o u t  
su ch  s u b s t i tu e n ts ® ® .
The s i m p l e s t  r e p r e s e n t a t i v e s  o f  t h e  c l a s s  I
(4 0 ;  n=0) can  be p r e p a r e d  by th e  c o n d e n s a t io n  ( E q u a t io n  5 )  |
o f  a q u a t e r n a r y  s a l t  (4 1 ;  Y = I , ON o r  SR) w i th  an  oxo- |
m e th y le n e  compound ( 2 5 ) g e n e r a l l y  u n d e r  b a s i c  c o n d i t i o n s .  |
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'
À X®
(4 1 )
OC
H gC .,'
(25)
(4 0 )  + HX + H ï Eg.(5)
T hus , f o r  exam ple ,  th e  s im p le  m e ro c y a n in e s  (4 2 ;  R=H) (4 5 )
and (4 4 ;  R=CH^) can  be p r e p a r e d  by c o n d e n s in g  2 - i o d o - l -
78am e th y lq u in o l in iu m  i o d i d e  w i th  r h o d a n i n e , 4 - c y a n o - l -  
m e th y lq u in o l in iu m  i o d i d e  w i th  3 - e t h y l r h o d a n i n e ^ ^  and 1-  
m e th y l - 2 - p h e n y l th i o q u i n o l i n i u m  t o l u e n e - p - s u l p h o n a t e  w i th  
i n d a n - 1 ,5 - d i o n e ^ ^ ,  r e s p e c t i v e l y .  Q u in p h th a lo n e  (4 4 ;  R=H) 
i s  o b t a in e d  by h e a t i n g  q u i n a l d i n e  w i th  p h t h a l i c  a n h y d r id e 91
(4 2 )
p o\ CH^ O. Ov"ViH3 " 3
(4 4 ) (45)
The dye (4 2 ;  E=C2He) ca n  he p r e p a r e d  by b o i l i n g
the N-methyl betaine of quinoline-2-sulphonic acid with 3-
92ethylrhodanine and triethylamine in ethanol . The simple
merocyanine (45) results from heating 2-imino-6-methoxy-3-
methylbenzothiazoline with 3-methyl-l-phenyl-2-pyrazolin-5- 
4?one in vacuum .
A general method for the preparation of 
dimethinemerocyanines (4 0 ;  n=l) involves the condensation
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(E q u a t io n  6 ) o f  a q u a t e r n a r y  s a l t  (4 6 ;  Y=SR', SeR, NHC^H^ 
o r  N(COCH^)--CgH^, q = l )  w i th  a c y c l i c  oxom ethy lene  compound 
( 2 5 ) ,  u s u a l l y  u n d e r  b a s i c  c o n d i t i o n s .
R X®
-(CH=CH-) Ï
(4 6 )
00 ' BH gC ..,/
(25)
(4 0 )  + HX+HÏ E q . ( 6 )
T h u s ,  th e  d im e th in e m e ro c y a n in e s  (4 7 )  and (4 8 )  r e s u l t  from  
th e  c o n d e n s a t io n  o f  2 - e t h y l t h i o v i n y l - l , 3 , 3- t r i m e t h y l i n d o l e n i u m  
i o d i d e  w i th  3- m e t h y l - l - p h e n y l - 2- p y r a z o l i n - 5- o n e ^ ^ , and o f
2- m e t h y l s e l e n o v i n y l - l , 3 î3 ” t r i m e t h y l i n d o l e n i u m  s u lp h a t e  w i th
3 - e t h y l r h o d a n i n e ^ ^ ,  r e s p e c t i v e l y .
(0E=)
/
in .
00-
=CH-0H=0. SyOH-
(4 7 )
00\ j3=0H-0H=C.'S
OH3
(4 8 )
NC2H5
By c o n d e n s in g  2 - 2 ' - a c e t a n i l i d o v i n y l  d e r i v a t i v e s  
o f  q u a t e r n a r y  s a l t s  w i th  2- t h i o h y d a n t o i n s , t h e r e  r e s u l t s  
dyes  o f  g e n e r a l  s t r u c t u r e  (4 9 ;  A=atoms to  c o m p le te  a 
b e n z o x a z o le ,  b e n z o t h i a z o l e ,  o x a z o le  o r  t h i a z o l i n e ,  R = a lk y l  
o r  a c y l ) ^ ^ .
.A 0Ç----' C=CH-CH=a .08V I
(49)
D im eth in em ero c y an in es  a r e  o b t a i n e d  by con­
d e n s in g  e i t h e r ,  2- 2 ' - a n i l i n o v i n y l , o r  2- 2 ' - a c e t a n i l i d o v i n y l
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d e r i v a t i v e s  o f  q u a t e r n a r y  s a l t s  o f  2 -  and 4 -  q u i n o l i n e ,  
b e n z o t h i a z o l e , b e n z o x a z o le  o r  t h i a z o l i n e  w i th  e i t h e r  
b a r b i t u r i c  a c i d s  o r  r h o d a n i n e s ^ ^ .
A l t e r n a t i v e l y ,  d im e th in e m e ro c y a n in e s  can  be 
p r e p a r e d  by th e  c o n d e n s a t io n  (E q u a t io n  7 )  o f  a q u a t e r n a r y  
s a l t  ( 5 0 ) w i th  a c y c l i c  c a r b o n y l - c o n t a i n i n g  compound (5 1 ;
Y=NR-|E2 » oh o r  OR, q=0) n o r m a l ly  u n d e r  b a s i c  c o n d i t i o n s ,
00 "  \
, A ' \  I BC-CH.^ + Y(-CH=CH)^-CH=C_x^ ----------► (40) + HX + HY E q . ( ? )
T x 0
( 5 0 ) ( 5 1 )
Thus , th e  dyes  (5 2 )  and (5 5 )  ca n  be p r e p a r e d  by co n d e n s in g
1 ,4 -d im e th y I q u in o l in iu m  i o d i d e  w i th  3 - o x o - 2 - p i p e r i d i n o -  
m e th y le n e - 4 ,5 - b e n z o d ih y d r o th ia n a p h th e n e  i n  e t h a n o l  w i th o u t  
c a t a l y s t ^ ^  and l , 5 - d i e t h y l - 2 -m e th y lb e n z im id a z o l iu m  i o d i d e  
w i th  5 - a c e t a n i l i d o m e t h y l e n e - l , 5 - d i e t h y l - 2 - t h i o b a r b i t u r i c  
a c id  i n  b a s i c  s o l u t i o n / ^ ,  r e s p e c t i v e l y .
^C=CH-CH=C 08
V 00 —  N.
O2H5
(5 3 )
D im e th in e m e ro c y a n in e s , p r e p a r e d  by  some o f  t h e  
above m ethods c o n t a i n i n g  e i t h e r  3 , 3-d im e th y l -W -p h e n y l  o r  
N - m e th y l in d o l in e  com bined w i th  one o f  t e n  d i f f e r e n t  c a r b o n y l -  
c o n t a i n i n g  n u c l e i ,  and 3 - e t h y l r h o d a n in e  c o u p le d  w i th  t h e  
r e s i d u e  o f  f o u r t e e n  d i f f e r e n t  h e t e r o c y c l i c  b a s e s ,  have  b e e n  
described*^® .
The dye (5 4 )  can  be p r e p a r e d  by h e a t i n g  1 -  
e th y lq u in a ld in iu m  io d i d e  w i th  4 - e th o x y m e th y le n e - 5 - o x o - 2 -
CH = GH-CH=G
GO
oc
OH-G.H=
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p h e n y l o x a z o l i n e ^ ^ . Dyes c o n t a i n i n g  th e  r e l a t e d  5 -o x o -  
t h i a z o l i n e  n u c le u s  can  be  p r e p a r e d  a n a lo g o u s ly ^ ^ ^ .
I G = C H - O H = G  \ /  \  " F  GOR
(54) (55)
The c o n d e n s a t io n  o f  v a r i o u s  q u a t e r n a r y  s a l t s  
w i th  3 - f o r m y l - 2- o x o - d ih y d r o th ia n a p h th e n e  g iv e s  dyes^^^’
(5 5 ; A=atoms t o  co m p le te  a q u i n o l i n e ,  i n d o l e n i n e  o r  b en zo ­
t h i a z o l e  n u c l e u s ) .
A n o th e r  s y n t h e s i s  o f  d im e th in e m e ro c y a n in e s  i s  
to  condense  an N - a l k y l - 2 - f o rm y lm eth y len e  h e t e r o c y c l i c  b a s e  
w i th  a c y c l i c  c a rb o n y lm e th y le n e  compound. The dye (5 6 )  
r e s u l t s  by t r e a t i n g  5 - e t h y l - 2 - f o r m y l m e t h y le n e - 4 ,5 - n a p h t h o -  
t h i a z o l i n e  w i th  5 - m e t h y l - l - p h e n y l - 2- p y r a z o l i n - 5-o n e  i n  
b o i l i n g  a c e t i c  a n h y d r id e  " and  dye ( 5 7 ) can  b e  p r e p a r e d  
from  5 - e t h y l - 2 - f o r m y l m e t h y l e n e - 4 , 5 - d i p h e n y l t h i a z o l i n e  and 
2 - e t h o x y c a r b o n y l - 5- o x o - l - p h e n y l i m i d a z o l i n e  and a c e t i c
103a n h y d r id e  i n  h o t  c h lo ro fo rm
^  i r  \  I I o 3 o \  I I ",C =C H -C H =a i1 C = O H -C H = a / CYY YJ 1 nu 6 5 I ^2^2^5
(56) (57)
A f u r t h e r  m ethod o f  p r e p a r a t i o n  o f  d im e th in e ­
m e ro c y a n in e s  in v o lv e s  t h e  c o n d e n s a t io n  ( E q u a t io n  8 ) o f  a 
q u a t e r n a r y  s a l t  ( 5 8 ) w i th  a d e r i v a t i v e  o f  a c a r b o n y l -  
c o n t a i n i n g  compound ( 5 9 ) .
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G-8R
©R X
(58)
oç B
CHz-CH=G__'
0
(59)
•> (4 0 )  + HX + HSR E q . ( 8 )
T hus , i t  i s  p o s s i b l e  t o  p r e p a r e  dyes  (6 0 )  and (6 1 ;  R^GHg- 
GOOGgH^) by c o n d e n s in g  t o g e t h e r  th e  a p p r o p r i a t e  i n t e r m e d i a t e s  
i n  b a s i c  s o l u t i o n s ^ ^ ^ .
A . 00t0=GH-GH=G G-^IGH-
(6 0 )
Gch^0=NGH=Y ^ 0(j)----- ^
00 . .G=GH-GH=a .OR
R
(61)
E th y l  o r th o f o r m a t e ^ ^ ^ , fo rm am ide^^^ , and
d ie th o x y m e th y l  a c e t a t e ^ ^  can  be  u s e d  i n  th e  s y n t h e s i s  o f
m e ro c y a n in e s  t o  fo rm  p a r t  o f  t h e  c o n ju g a te d  c h a in .  Thus,
d im e th in e m e ro c y a n in e s  r e s u l t  when a  m ix tu re  o f  a q u a t e r n a r y
s a l t  c o n t a i n i n g  a r e a c t i v e  m e th y l  g roup and a c y c l i c
c a rb o n y l  m e th y le n e  compound i s  h e a t e d ,  u n d e r  b a s i c  c o n d i t i o n s ,
w i th  one o f  t h e  above r e a g e n t s .
When a q u a t e r n a r y  s a l t  (6 2 ;  A=atoms to  co m p le te
a 2 - q u i n o l i n e ,  b e n z o t h i a z o l e  o r  a b e n z o x a z o le  n u c l e u s )  i s
h e a t e d  w i th  a m onom eth ineoxono l (6 3 ;  B=atoms to  c o m p le te
a 2 - p y r a z o l i n - 5 -o n e  o r  a b a r b i t u r i c  a c i d  n u c l e u s )  u n d e r
b a s i c  c o n d i t i o n s ,  th e  c o r r e s p o n d in g  d im e th in e m e ro c y a n in e  
107r e s u l t s  , a c c o r d in g  to  E q u a t io n  9«
( © i - ® 5  
- ;x e
(62 )
/'CO HOC
A I ll ?'^G = CH-G--
(6 3 )
OG-%(40)  + HX + I B E q .(9 )HgG.
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L ik e w is e ,  a d in e th in e m e ro c y a n in e  r e s u l t s  when 1 , 1 ' -  
d i e t h y l - 4 , 4 ' - c a r b o c y a n in e  i o d i d e  i s  h e a t e d  w i th  a 2 -  
p y r a z o l i n - 5-o n e  i n  e th a n o l  i n  th e  p r e s e n c e  o f  p i p e r i d i n e ^ ^ ^ .
T e t ra m e th in e m e ro c y a n in e s  (4 0 ;  n=2 ) ca n  be
p r e p a r e d  by  th e  c o n d e n s a t io n  ( E q u a t io n  6 ) o f  a q u a t e r n a r y  
s a l t  (4 6 ;  q=2, Y=NE^Bg) w i th  a c y c l i c  c a r b o n y l - c o n t a i n i n g
compound ( 2 5 ) j g e n e r a l l y  u n d e r  b a s i c  c o n d i t i o n s .  By h e a t i n g
2 - 4 ' - a c e t a n i l i d o b u t a d i e n y l - 3 -m e th y lb e n z o th ia z o l iu m  io d i d e  
w i th  3- e t h y l r h o d a n in e  and  sodium  a c e t a t e  i n  a c e t i c  a n h y d r id e ,  
th e  dye (6 4 )  i s  o b t a in e d ^ ^ ^ .  The te t ra m e th in e m e r o c y a n in e  
( 6 5 ) can  be  p r e p a r e d  by  c o n d e n s in g  2 - 4 ' - a n i l i n o - 1 ,3 -  
b u t a d i e n y l - 3 - e t h y l b e n z o t h i a z o l i u m  io d id e  w i th  3 - e t h y l - l -  
p h e n y l - 2 - t h i o h y d a n t o i n ^ ^ .
^  0 ^ — f 2 ^ 5
^ 0 (=CH-CH)2 = C ^ ^ ^ S  ^  j  ^C(=CH-CH)2=C\^/C3
CH^ ^6^5
(6 4 )  (6 5 )
An a l t e r n a t i v e  r o u t e  t o  th e  s y n t h e s i s  o f  
t e t r a m e th in e m e r o c y a n in e s  i n v o l v e s  th e  c o n d e n s a t io n  (E q u a t io n  
7 ) o f  a q u a t e r n a r y  s a l t  ( 5 0 ) w i th  a c a r b o n y l - c o n t a i n i n g  
compound ( 5 1 ; Y=N(COGH^)OgH^, q = l ) ,  u s u a l l y  u n d e r  b a s i c  
c o n d i t i o n s .  By t h i s  p r o c e d u r e ,  dyes c o n t a i n i n g  3 - e t h y l -  
r h o d a n in e  l i n k e d  to  one o f  s e v e r a l  h e t e r o c y c l i c  b a s i c  n u c l e i  
can  be s y n th e s i s e d ^ ^ .  L ik e w is e ,  th e  dye ( 6 6 ; n=2) can  be
p r e p a r e d  from  a n a lo g o u s  i n t e r m e d i a t e s ^ ^ ^ .
CO
( 6 6 )
X S-------------------OC-----NC^H
)c(=CH-CH)j^=C^ /OS
N S
(6 7 )
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The t e t r a m e th in e m e ro c y a n in e  (5 7 ;  n=2) i s
o b t a i n e d  by c o n d e n s in g  5 - e t h y l - 2- e t h y l t h i o b e n z o t h i a z o l i u m  
i o d i d e  w i th  5- a l k y l - 5- c r o t o n y l i d e n e r h o d a n i n e  i n  b a s i c  
s o l u t i o n ^ ^ ^ .
O th e r  m ethods f o r  t h e  s y n t h e s i s  o f  t e t r a m e t h i n e ­
m e ro c y a n in e s  r e q u i r e  th e  c o n d e n s a t io n  (E q u a t io n  5 )  o f  t h e  
q u a t e r n a r y  s a l t  (4 6 ;  A=atoms t o  co m p le te  a 2 - q u i n o l i n e  
n u c l e u s ,  R=CH^, X=C^O^, q=2 , Y=SC2H^) w i th  i n d a n - 1 , 5 -
11 pd io n e~  , and o f  th e  q u a t e r n a r y  s a l t  (4 6 ;  A=atoms to
co m p le te  3 » 3 - d i m e t h y l i n d o l e n i n e , R=G^H^, X=C^O^, q=2, Y=OGH^)
97w i th  3 - a t h y l r h o d a n i n e ' .
The h e x a m e th in e m e ro c y a n in e  (6 6 ;  n=3) i s
p r e p a r e d  by h e a t i n g  3 - e t h y l - 2 - m e t h y lb e n z o t h i a z o l i u m  i o d i d e ,
2- o x o d ih y d r o t h i a n a p h t h e n e , l - a n i l i n o - 3- p h e n y l i m i n o p e n t a - l ,
1153 - d ie n e  h y d r o c h l o r i d e  w i th  sodium  e th o x id e  i n  e th a n o l  ' ,
and dye ( 6 7 ; n=3 ) i s  fo rm ed  when 3- a l l y l - 3 - c r o t o n y l i d e n e -
rh o d a n in e  i s  c o n d en sed  w i th  2 - 2 ' - a c e t a n i l i d o v i n y l - 3 - e t h y l -
b e n z o th ia z o l iu m  i o d i d e  i n  p y r i d i n e  i n  th e  p r e s e n c e  o f  
111t r i e t h y l a m i n e
By e x t e n s io n s  o f  th e  g e n e r a l  m ethods d e s c r i b e d
f o r  th e  p r e p a r a t i o n  o f  m e ro c y a n in e s  u n s u b s t i t u t e d  i n  th e
c o n ju g a te d  c h a in  j o i n i n g  th e  c y c l i c  n u c l e i ,  i t  i s  p o s s i b l e
to  p r e p a r e  dyes  i n  w hich  th e  c a rb o n  atom s c a r r y  s u b s t i t u e n t s .
Examples o f  su ch  s u b s t i t u e n t s  i n c l u d e  a - m e th y l^ ^ ^ ,  a - p h e n y l^ ^ ^ ^
a - e th o x y  c a r  bony 1 ^  , a - h y d r o x y ^ ^ ^ , a - a c e t o x y ^ ^ ^ , p -m e th y l^ ^ ^  ,
P -e L h o x y c a rb o n y l^ ^ ^ , (3-2~carboxyphenyl^^*^, p - m e th y l t h i o ^ ^ ,
(3 -d ie th y la m in o ^ ^ ^ , a , p - d im e th y l“ ^^ i n  d im e th in e m e ro c y a n in e s ;
ô -m e th y l^ ^ ^ ,  ô -p h e n y l^ ^ ^ ^ ,  ô -e th o x y ^ ^ ^  i n  t e t r a m e th i n e m e r o -
112c y a n in e s ,  and e -m e th y l  i n  h e x a m e th in e m e ro c y a n in e s .
M ero cy an in es  have b een  d e s c r i b e d  i n  w hich  th e
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c o n ju g a te d  c h a in  i s  p a r t  o f  a c y c l i c  sy s te m .  The o c t a -
m e th in e m e ro c y a n in e  (5 8 )  i s  an  example o f  su ch  d y e s^ ^ ^ .  I n
d y es  (6 9 )  and (7 0 )  t h e  c o n ju g a te d  c h a in  e x te n d s  th ro u g h  th e
122n i t r o g e n - c o n t a i n i n g  h e t e r o c y c l e  and th ro u g h  th e  c a r h o n y l -
l2 ^c o n t a i n i n g  sy s tem  ' ,  r e s p e c t i v e l y .
CH
P ( = C H - C H ) g = G H - C ,
O H
(68)
00 0I I
I C H = G H - C H = C OCOG —-NGgHr>NCgHc
(6 9 )
0=GH-CH=|-^°Ni=^® 
"N  ] =
(7 0 )
ON
A n alo g u es  o f  m e ro c y a n in e s ,  some o f  w h ich  a r e
s e n s i t i s e r s ,  have  b e e n  p r e p a r e d  i n  w hich  a  n i t r o g e n  atom
r e p l a c e s  a m e th in e  g roup  i n  t h e  c o n ju g a te d  c h a in .  The
o c -a z a d im e th in e m e ro c y a n in e s  (7 1 )  and ( 7 2 ) r e s u l t  from  h e a t i n g ,
u n d e r  b a s i c  c o n d i t i o n s ,  2 - a m in o - 5 - m e th y ib e n z o th ia z o l iu m
io d i d e  w i th  4 - a - e t h o x y e t h y l i d e n e - $ - m e t h y l - l - p h e n y l - 2 -  
12Zlp y r a z o l i n - 5 - o n e  and 9 - a c e t a n i l i d o m e t h y l e n e - $ - a l l y l -  
125rh o d a n in e  , r e s p e c t i v e l y .
GH
GH
0Ç. -NG^HcI 6 5
?CHj
(7 1 )
OC NC,H,I I 5 5
G = N - G H = G .  O S
CHj
(7 2 )
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The p -a z a d im e th in e m e ro c y a n in e  (7 3 )  can  be 
p r e p a r e d  from  3 - e t h y l~ 2 - m e t h y l t h i a z o l i n i i m i  i o d i d e  and 4 -
1 2 f .i 8 o n i t r o 8 o - 3 - m e t h y l - l - p h e n y l - 2 - p y r a z o l i n - 3 - o n e ^
.S OC— NC^Hr _ /S ,  OC— NH
2; C=CH-N=C. J i  ‘C=N-N=C^ ^ C O
2 ^ 'N  T N OC — NH
CgH^ °®3 CHj
( 7 5 )  (7 4 )
The o c jp -d ia z a d im e th in e m e ro c y a n in e  (7 4 )  r e s u i t e
from  t r e a t i n g  a m ix tu re  o f  3 - m e th y l - 2 - b e n z o th i a z o lo n e
h y d ra z o n e  and b a r b i t u r i c  a c i d  w i th  anm onia and  p o ta s s iu m  
127f e r r i c y a n i d e  • .
S e n s i t i s i n g  p r o p e r t i e s  have  b e e n  c la im e d  f o r
lP °th e  Y - a z a te t r a m e th in e m e r o c y a n in e  (7 5 )  Gind t h e  h o l o p o l a r
( 7 6 ) .
d o
C=CH-CH=II-CH=C
OC -/ \ 2  5 OS\ /OC - -NCgH
(7 5 )
9
(7 6 )
R e l a t e d  to  th e  m e ro c y a n in e s  a r e  t h o s e  a z a -  
m e th in e  dyes  d e r i v e d  from  c a r b o n y l - c o n t a i n i n g  compounds and 
o x i d i s e d  p - d i a l k y l a m i n o a n i l i n e  d e v e l o p e r s .  The d y es  (7 7 )  
and (7 3 )  a r e  p r e p a r e d  by c o n d e n s in g ,  r e s p e c t i v e l y ,  3 - m e t h y l - l -
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p h e n y l“ 2 - p y r a z o l i n - 5 “ one and i n d a z o l i n - 5 - o n e  with, p -  
d i e t h y l a m i n o a n i l i n e  i n  t h e  p r e s e n c e  o f  an o x i d i s i n g  a g e n t ,  
su ch  a s  s i l v e r  o x id e .  These  and r e l a t e d  d y es  a r e  u s e f u l  
a s  m ag en ta  im ages  i n  c o lo u r  p h o to g r a p h ic  s y s te m s^ ^ .
%  /G = N-f yNCC^H-)- r  I] . N = N-f V n (CoH c-)
CH,
0
(7 7 )  (7 8 )
1 . 7 •  N o n - io n ic  T r i n u c l e a r  Dyes
The e a r l i e s t  t r i n u c l e a r  dyes  o f  t h e  c y a n in e  
ty p e  were m on o io n ic  d yes  c o n t a i n i n g  t h r e e  b a s i c  h e t e r o ­
c y c l i c  n u c l e i .  These  and o t h e r  t r i n u c l e a r  and p o l y n u c l e a r  
c y a n in e s  have  b e e n  e x t e n s i v e l y  r e v ie w e d ^ .  More p e r t i n e n t  
t o  t h e  o r i g i n a l  dyes  o f  t h i s  work a r e  n o n - i o n i c  t r i n u c l e a r  
d y e s ,  so r e p r e s e n t a t i v e  exam ples  and s y n t h e t i c  m ethods a r e  
d i s c u s s e d ,
M onom eth inecyan ines  c o n t a i n i n g  a 4 - e t h y l t h i o - 5 ,  
5 -d im e th y l  im id a z o le n in e  r e s i d u e  a r e  co n d en sed  w i th  3 -  
m e t h y l - l - p h e n y l - 2 - p y r a z o l i n - 5 - o n e  to  g iv e  t r i n u c l e a r  dyes  
o f  w hich  dye (7 9 )  i s  sin ex am p le^^^ .
(GH,)2 , 3 2  o C - y C g H ^
CH.N ' C = C. ,N
f
(7 9 )
l - M e t h y l - 2 ( m e t h y l t h i o ) - 5 - [ ( 3 - e t h y l - 4 - o x o - 2 -
2 %t h i o - 5 “ t h i a z o l i d i n y l i d e n e ) m e t h y l ] - A  ’ ' - p y r r o l i n e  can  be
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c o n d en sed  u n d e r  b a s i c  c o n d i t i o n s ,  w i th  2 ,5 -d im e th y lb e n z o -  
t h i a z o l i u m  i o d i d e  to  g iv e  dye^^^  ( 8 0 ) .
0 ^ — NC2H5
0= C H -C = C -C H = a  .OS /  I I RN G E ^ K  /OHg ^3 ^
(8 0 )
The t r i n u c l e a r  dye (8 1 )  r e s u l t s  from  c o n d e n s in g
2 - 2 1 a c e t a n i l i d o v i n y l - 3 - e t h y l b e n z o t h i a z o l i u m  i o d i d e  and a
132d e r i v a t i v e  o f  2 ,6 -d im e th y I p y r a n
CH^
(8 1 )
The t r i n u c l e a r  dye (8 2 )  and r e l a t e d  compounds
can  be p r e p a r e d  by  h e a t i n g  a  m ero c y a n in e  dye d e r i v e d  from
r h o d a n in e  w ith  an  a l k y l a t i n g  a g e n t  such  a s  e t h y l  t o l u e n e -
p - s u l p h o n a t e  and c o n d e n s in g  t h e  r e s u l t i n g  S - a l k y l a t e d
q u a t e r n a r y  s a l t  o f  t h e  dye w i th  a p p r o p r i a t e  d e r i v a t i v e s  o f
133c y c l i c  c a r b o n y l - c o n t a i n i n g  compounds .
8 0 0 ---NC^Hc- 0 0 ---- NO^Hr\  I I 3 5 I 1 3 50=0H-0H=0y .0 = OH-OH=Ov .08
8^ '8
^2^5 (8 2 )
N -A lk y ld ih y d ro  d e r i v a t i v e s  o f  h e t e r o c y c l i c  
b a s e s  c o n t a i n i n g  a d i a n i l i n o - i s o p r o p y l i d e n e  g roup  ca n  be
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c o n d en sed  with, two m o le c u la r  p r o p o r t i o n s  o f  3 - e th y l r h o d a n in e  
t o  g iv e  t r i n u c l e a r  d y e s^ ^ ^  (8 3 ;  A=atoms t o  co m p le te  a 4 -  
q u i n o l i n e ,  4 - m e t i i y l t h i a z o l e  o r  a t h i a z o l i n e  n u c l e u s ,  R= 
e t h y l ) .
RN CO 0 0 — mI I I Is a  ^C=0H-C-0H=0. ,o s
8^  H " s '
' NR''A _ ./
(83 )
Rrom t h e  c o n d e n s a t io n  o f  l , 3 - d i e t h y l - 2 -  
m e th y lp e r im id in iu m  i o d i d e  w i th  3 - e th o x y c a r h o n y lm e th y l - 5 -  
e th o x y m e th y le n e r h o d a n in e , i t  i s  p o s s i b l e  t o  o b t a i n  th e  
dye^^^  (8 3 ;  A=atoms to  co m p le te  a p e r i m i d i n e  n u c l e u s ,
R = e th o x y c a rb o n y lm e th y l , R '=e t h y l ) .
W ith  th e  f o r e g o i n g  a c c o u n t  o f  th e  v a r i e t y  o f  
dyes  a v a i l a b l e  and m ethods o f  s y n t h e s i s  a s  b a c k g ro u n d ,  i t  
i s  p o s s i b l e  now to  d e s c r i b e  t h e  n o v e l  dyes  and  i n t e r m e d i a t e s  
o f  th e  p r e s e n t  s tu d y .  The d i s c u s s i o n  w hich  f o l l o w s  i s  
l i m i t e d  to  th e  c h e m is t r y  o f  t h e  new compounds and  r e f e r e n c e  
to  d e t a i l e d  e v a l u a t i o n  o f  t h e i r  p h o to g r a p h ic  p r o p e r t i e s  i s  
o m i t t e d .
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2 .  DYES CONTAINING THE PYRAN0[2 ,$~d]PYEIMIDINE NUCLEUS
2 . 1 .  I n t r o d u c t i o n
T h is  p a r t  o f  th e  t h e s i s  i s  c o n c e rn e d  w i th  t h e  
c o n d e n s a t io n  o f  1 , 3 - h i a l k y l b a r b i t u r i c  a c i d s  w i th  o r t h o ­
e s t e r s  and th e  a s s ig n m e n t  o f  s t r u c t u r e s  t o  t h e  p r o d u c t s .  
F u r th e r m o r e ,  th e  p r e p a r a t i o n  o f  d e r i v a t i v e s  o f  t h e  p r o d u c t s  
i s  d i s c u s s e d .
I t  i s  known t h a t  b a r b i t u r i c  and 2 - t h i o b a r b i t u r i c  
a c i d s  and  t h e i r  1 , 3 - d i s u b s t i t u t e d  d e r i v a t i v e s  can  u n d erg o  
c o n d e n s a t io n s  w i th  a ld e h y d e s  and w i th  k e t o n e s . A number 
o f  exam ples  o f  t h e s e  r e a c t i o n s  i s  i n c l u d e d  i n  an  e x t e n s iv e  
r e v ie w  o f  t h e  c h e m is t r y  o f  b a r b i t u r i c  a c i d s ^ ^ ^ .
B a r b i t u r i c  a c i d s  can  be co n d en sed  w i th  h e p t a n a l  and
w i th  s u c c in d ia ld e h y d e  t o  g iv e  y e l lo w  and brown p ig m e n ts ,
137r e s p e c t i v e l y  ' . Y e l lo w -o ra n g e  p r o d u c t s  r e s u l t  from  t h e
c o n d e n s a t io n  o f  e i t h e r  i n d o l e - 3 - a l d e h y d e  o r  t h i o p h e n e - 2 -  
a ld e h y d e  w i th  2 - t h i o b a r b i t u r i c  ac id ^ ^ ® , and  i s a t i n  can  be  
c a u s e d  t o  r e a c t  w i th  b a r b i t u r i c  a c i d  t o  y i e l d  t h e  o x in d o le  
d e r i v a t i v e ^ ^ ^  ( 8 4 ) .
Y 0
X = Y  V o  V ^ \ /  \  50
N O o V — NH
H n  -  O'
(8 4 )  (8 5 )
On t h e  o t h e r  h a n d ,  p - v a n i l l i n  can  b e  c o n d en sed  w i th
1 , 5 - d i m e t h y l b a r b i t u r i c  a c i d  t o  g iv e  t h e  b e n z o p y r a n o [ 2 ,3 - d ]  
p y r id im id in e ^ ^ ^  (8 3 )  and  1 - f o r m y l - 2 - n a p h th o l  r e a c t s  w i th  
b a r b i t u r i c  a c i d  t o  form  t h e  n a p h th o p y r a n o [ 2 , 3 - d ] p y r im id in e ^ ^ ^
( 8 6 ) .
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X
( 86)
Z 0 
(8 7 )
1 , 5 - D i p l i e n y l - 2 - t h i o b a r t ) i t u r i c  a c i d  can  be  con­
d e n se d  w i th  m a lo n y l  d i c h l o r i d e  to  g iv e  t h e  p y r a n o [ 2 ,3 - d ]
1 ZlP 1 pp y r im i d i n e " ^ -  (8 7 ;  R"=R-=G^H^, X=S, Y=H, Z=OH).
On h e a t i n g  1 , 3 - d i m e t h y l b a r b i t u r i c  a c i d  w i th  
m e th y lm a lo n ic  a c i d ,  i n  t h e  p r e s e n c e  o f  a c e t i c  a n h y d r id e ,  
t h e  p y r a n o [ 2 ,3 - d ]  p y r im id in e  (8 7 ;  R^=R^=CH^, X=0, Y=C.H^,
Z=0H) r e s u l t s ^ ^ ^ .
1 2The h e t e r o c y c l i c  compounds (8 7 ;  R =R «H o r  C^H^,
X=0 o r  8 ,  Y=H, Z=CH^ o r  C^H^) a r e  o b t a i n e d  on h e a t i n g  t h e
a p p r o p r i a t e  b a r b i t u r i c  a c i d  w i t h  e i t h e r  e t h y l  a c e t o a c e t a t e
14-4-o r  e t h y l  b e n z o y l a c e t a t e
1 - P h e n y l b a r b i t u r i c  a c i d  can  be  c a u s e d  t o  r e a c t  w i th  
e t h y l  2 - f o r m y l - 2 - p h e n y l a c e t a t e  t o  g iv e  t h e  p y r a n o [ 2 ,3 - d ]
p y r im id in e (g y .  E^=CgH-, X=0, Y=CgHc, Z=H).
The h e t e r o c y c l i c  compound (8 8 )  r e s u l t s  from  t h e  
c o n d e n s a t io n  o f  1 , 3 - d i m e t h y l b a r b i t u r i c  a c i d  w i t h  p h o sg en e  i n  
t h e  p r e s e n c e  o f  a t e t r a a l k y l u r e a ^ ^ ^ .
CH CH
HCH
( 88)
When 5 -3  *- p h e n y l p r o p a r g y l b a r b i t u r i c  a c i d  i s  
d i s s o l v e d  i n  e i t h e r  c o n c e n t r a t e d  s u l p h u r i c  o r  p h o s p h o r ic  a c i d
59
and th e  s o l u t i o n  i s  d i l u t e d  w i th  i c e d  w a t e r ,  t h e  p y ra n o  
[ 2 , 3 - d ] p y r i m id i n e  (8 9 )  i s  o b ta in e d ^ ^ ^ .
The p r o d u c t s  from  t h e  c o n d e n s a t io n s  o f  
d ih y d ro x y p y r im id in e s  w i th  d im e th y lfo rm a m id e  i n  t h e  p r e s e n c e  
o f  p h o sp h o ru s  o x y c h l o r i d e ,  can  be  c a u s e d  to  r e a c t  w i th  
e t h y l  m a lo n a te  t o  y i e l d  t h e  pyranoE2.,3 -d ]p y r im id in e s " '^ '^
(9 0 ;  R=H, CH^ o r  G^H^)
CH,
OH HgH-" II
(9 0 )  (9 1 )
E nam ines ,  s u c h  a s  t h e  b a r b i t u r a t e  (9 1 )»  can  b e  
fo rm ed  by  a l l o w in g  b a r b i t u r i c  a c i d s  to  r e a c t  w i th  am ides 
o r  t h io a m id e s ^ ^ ^ ,  N , W - d i s u b s t i t u t e d  a m id e s ,  u n d e r  s i m i l a r  
c o n d i t i o n s ,  g iv e  o x o n o l d y e s ^ ^ ^ .
The c o n d e n s a t io n  o f  1 , 3 - d i a l k y l b a r b i t u r i c  a c i d s  
and  th e  r e l a t e d  2 - t h i o b a r b i t u r i c  a c i d s  w i th  e t h y l  o r t h o ­
fo rm a te  i n  p y r i d i n e  s o l u t i o n ,  h a s  b e e n  shown t o  y i e l d  
m onom eth ineoxono l dyes^®»
F u r th e r m o r e , i t  i s  known t h a t  1 , 3 - d i e t b y l - 2 -  
t h i o b a r b i t u r i c  a c i d  ca n  r e a c t  w i th  e t h y l  o r th o f o r m a te  i n  
a c e t i c  a n h y d r id e  to  g iv e  t h e  c o r r e s p o n d in g  e th o x y m eth y 1 ene 
d é r i v â t ive^^*^ (9 2 ;  R=H, R'=C2H^, X=S) and a l s o  t h a t  on 
h e a t i n g  1 , 3 - d i m e t h y l b a r b i t u r i c  a c i d  w i th  e t h y l  o r t h o ­
fo rm a te  , t h e  e th o x y m e th y le n e  a n a lo g u e  (9 2 ;  R=H, R'=GH^, 
X=0) i s  form ed^^^o
40
( 9 2 )
C e r t a i n  o x o n o l  dyes  have  b e e n  claim ed, t o  be
u s e f u l  a s  f i l t e r  and. a n t i - h a l a t i o n  d.yes f o r  p h o to g r a p h ic
s y s t e m s - ^ T h e i r  u s e f u l n e s s  f o r  t h i s  p u r p o s e  l i e s  i n  t h e i r
b e in g  r e a d i l y  b l e a c h e d  i n  p h o t o g r a p h ic  d e v e lo p e r  s o l u t i o n s .
Among t h o s e  c la im e d  a r e  s y m m e tr ic a l  o x o n o ls  d e r i v e d  from
55eb a r b i t u r i c  a c i d s ^ ^  « T hese  dyes  w i th o u t  s u b s t i t u e n t s  i n  
t h e  c o n ju g a te d  c h a in  have  t h e  f o l lo w in g  a b s o r p t i o n  maxima 
i n  e t h a n o l  s o l u t i o n :  m e th in e o x o n o ls  a t  415 nm, t r i m e t h i n e -
o x o n o ls  a t  492 nm and p e n ta m e th in e o x o n o ls  a t  592 nm. The 
c o r r e s p o n d in g  p e n ta m e th in e o x o n o ls  h a v in g  a  m eso -m e th y l  g roup  
i n  t h e  c o n ju g a te d  c h a in  have  p e a k  a b s o r p t i o n  i n  e t h a n o l  a t  
614 nm.
I n  o r d e r  t o  e x te n d  th e  ra n g e  o f  d y e s ,  i t  was
c o n s id e r e d  t h a t  d y es  c o n t a i n i n g  an  a l i p h a t i c  h y d ro c a rb o n
r e s i d u e  i n  t h e  a - p o s i t i o n  o f  th e  c o n ju g a te d  c h a in  w ould  be
w o rth y  o f  s t u d y .
T h e re  a r e  c la im s  i n  t h e  p a t e n t  l i t e r a t u r e  t o  t h e
p r e p a r a t i o n  o f  c h a in  s u b s t i t u t e d  t r i m e t h i n e o x o n o l s  by
c o n d e n s in g  c y c l i c  c a r b o n y l - c o n t a i n i n g  compounds w i th  r e -
70a g e n t s  su c h  a s  a c e t y l a c e t o n e '  . However, a l t h o u g h  
p r e p a r a t i v e  d e t a i l s  a r e  g iv e n ,  s p e c i f i c  d yes  d e r i v e d  from  
b a r b i t u r i c  a c i d s  a r e  n o t  c h a r a c t e r i s e d .
I t  was c o n s id e r e d  t h a t  i t  s h o u ld  be p o s s i b l e  to  
co ndense  a l k o x y a l k y l i d e n e  d e r i v a t i v e s  s u c h  a s  t h e  compounds ( 9 2 )
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w i th  a p p r o p r i a t e  r e a g e n t s  to  g iv e  p o ly m e th in e o x o n o ls  
c o n t a i n i n g  an  a l k y l  s u b s t i t u e n t  i n  t h e  c o n ju g a te d  c h a i n .
T hus ,  one aim o f  t h i s  work was to  a t t e m p t  t h e  p r e p a r a t i o n  
o f  t h e  dye p r e c u r s o r s  (9 2 ;  R=CH^, X=0 o r  S ) .
I t  i s  known t h a t  h e t e r o c y c l i c  c a r b o n y l - c o n t a i n i n g
T  0/1 1compounds su ch  a s  p y razo lo n es^^^^  and r h o d a n in e s  r e a c t  
w i th  o r t h o - e s t e r s  t o  y i e l d  t h e  c o r r e s p o n d in g  a l k o x y a l k y l i d e n e  
d e r i v a t i v e s ,  so i t  was c o n s id e r e d  p o s s i b l e  t h a t  t h e  d e s i r e d  
compounds c o u ld  be o b t a i n e d  by  s i m i l a r  s y n t h e s e s .
2 . 2 .  P r e p a r a t i o n  o f  1 , 3 - D i a l k y l b a r b i t u r i c  A c id s
The r e q u i r e d  s t a r t i n g  m a t e r i a l s  f o r  t h i s  s tu d y
w ere p r e p a r e d  e i t h e r  by r e c o r d e d  m e th o d s ,  o r  by  e x t e n s io n
o f  t h o s e  p r o c e d u r e s .  T h u s ,  1 ,3 - d i m e t h y l -  and  1 , 3 - d . i e t h y l -
b a r b i t u r i c  a c i d s  w ere p r e p a r e d  b y  c o n d e n s in g  t h e
c o r r e s p o n d in g  u r e a s  w i th  m a lo n ic  a c i d  i n  a c e t i c  a c i d  i n  th e
p r e s e n c e  o f  a c e t i c  a n h y d r id e  a c c o r d in g  t o  t h e  m ethod  o f
J .Vo C la rk -L e w is  and  M .J .  T h o m p s o n ^ l , 3 - D i e t h y l - 2 -
t h i o b a r b i t u r i c  a c i d  was o b t a i n e d  b y  c a u s in g  t h e  c o r r e s p o n d in g
t h i o u r e a  t o  r e a c t  w i th  e t h y l  m a lo n a te  i n  t h e  p r e s e n c e  o f
sodium  e th o x id e  a c c o r d in g  t o  t h e  m ethod o f  L .G .S .  B ro o k e r  
96and  c o -w o rk e rs ^  .
2 . 3 .  C o n d e n s a t io n  o f  1 , 3 - D i a l k y l b a r b i t u r i c  A c id s  w i th  
E th y l  O r th o a c e t a t e
A t te m p ts  t o  p r e p a r e  t h e  r e q u i r e d  i n t e r m e d i a t e s
(9 2 ;  R=CH^, R^=CH^ o r  GgH^, X=0 o r  S) by  th e  c o n d e n s a t io n
o f  t h e  a p p r o p r i a t e  b a r b i t u r i c  a c i d  w i th  e t h y l  o r t h o a c e t a t e
i n  a c e t i c  a n h y d r id e ,  o r  i n  p y r i d i n e ,  o r  w i th o u t  s o l v e n t ,
f a i l e d  to  g iv e  t h e  d e s i r e d  p r o d u c t s .  I n s t e a d ,  d yes  w hich
a r e  n o t  m e s o - s u b s t i t u t e d  m e th i n e o x o n o l s , were i s o l a t e d  from
t h e  r e a c t i o n  m e d ia .  I n  t h i s  p a r t  o f  th e  t h e s i s ,  t h e
42
p r e p a r a t i o n ,  s t r u c t u r e ,  and  r e a c t i o n s  o f  t h e s e  dyes  w i th  
v a r i o u s  r e a g e n t s  a r e  d i s c u s s e d .  F u r th e r m o r e ,  v i s i b l e  
s p e c t r a l  and  p r o t o n  m a g n e t ic  r e s o n a n c e  p r o p e r t i e s  o f  t h e  
dyes  and  t h e i r  d e r i v a t i v e s  a r e  r e p o r t e d .
1 . 3 - D i e t h y l b a r b i t u r i c  a c i d  h a s  b e e n  made t o  r e a c t  
w i th  e t h y l  o r t h o a c e t a t e  i n  a c e t i c  a n h y d r id e  a t  100^ to  
g i v e ,  a f t e r  p u r i f i c a t i o n ,  a  6% y i e l d  o f  a  y e l lo w  dye w hich  
i s  h i g h l y  f l u o r e s c e n t  i n  u l t r a v i o l e t  l i g h t .  The same dye 
was o b t a i n e d ,  from  a s i m i l a r  e x p e r im e n t ,  b u t  i n  w hich  
a c e t i c  a n h y d r id e  was o m i t t e d  and  th e  r e a c t i o n  was c o n d u c te d  
a t  t h e  b o i l i n g  p o i n t  o f  t h e  o r t h o - e s t e r .  I n  a f u r t h e r  
e x p e r im e n t ,  t h e  y i e l d  o f  dye was im proved  t o  2 8 ^  by s lo w ly  
d i s t i l l i n g  o f f  t h e  low b o i l i n g  r e a c t i o n  p r o d u c t s .
U nder s i m i l a r  c o n d i t i o n s ,  1 , 3 - d i m e t h y l b a r b i t u r i c  
a c i d  and  1 , 3 - d i e t h y l - 2 - t h i o b a r b i t u r i c  a c i d  w ere a l lo w e d  
t o  r e a c t  w i th  e t h y l  o r t h o a c e t a t e  to  g iv e  a n a lo g o u s  dyes  
w hich  were i s o l a t e d  a s  y e l lo w  l e a f l e t s  and  o ra n g e  n e e d l e s ,  
r e s p e c t i v e l y .
1 . 3 - D i m e t h y l b a r b i t u r i c  a c i d  was t r e a t e d  w i th  
e t h y l o r t h o a c e t a t e  i n  b o i l i n g  p y r i d i n e  t o  g iv e  a  d y e , w hich  
was fo u n d  t o  be i d e n t i c a l  w i t h  t h a t  o b t a i n e d ,  e i t h e r ,  f rom  
t h e  c o n d e n s a t io n  c a r r i e d  o u t  i n  a c e t i c  a n h y d r id e ,  o r  i n  
t h e  a b se n c e  o f  s o l v e n t ,  1 , 3 - D i e t h y l b a r b i t u r i c , a c i d ,  u n d e r  
s i m i l a r  c o n d i t i o n s ,  b e h a v e d  l i k e w i s e .
The p h y s i c a l  p r o p e r t i e s  o f  t h e  d y es  a r e  s e t  o u t  
i n  T a b le  1„
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TABLE 1
P h y s i c a l  P r o p e r t i e s  o f  t h e  Dyes Formed i n  t h e  Conden­
s a t i o n s  o f  1 , 3 - D i a l k y I b a r b i t u r i c  A c id s  w i th  E th y l  
O r t h o a c e t a t e
B a r b i t u r i c  a c i d  Dye M o le c u la r  M o le c u la r  X  max
u s e d  (m .p^C) W eight ^ F o rm u la  (nm)
1 . 3 - d i m e t h y l  277  560 ( 08^ 2 0 3 ) 2  442,424-^
1 . 3 - d i e t h y l  195  416 <^°10%2®2°3^2 4 3 9 ,4 2 0 s h °
1 . 3 - d i e t h y l - 2 - t h i o  200 448  (Cj q^H^2%02®^2 4 7 5 ,4 3 1 8 4 ^
a = by mass s p e c t r o m e t r y ;  b = i n  c h lo r o fo r m ;  c = i n  e t h a n o l ;  
sh  = s h o u ld e r
2 . 4 .  A ss ig n m en t o f  S t r u c t u r e  to  t h e  P r o d u c t s  o f  t h e  Con­
d e n s a t i o n s  o f  1 , 3 - D i a l k y l b a r b i t u r i c  A c id s  w i th  E th y l  
O r t h o a c e t a t e
T h a t  t h e  above  d y es  w ere n o t  o x o n o ls  was 
im m e d ia te ly  s u g g e s t e d  by th e  i d e n t i t y  o f  t h e  p r o d u c t s  
i s o l a t e d  from  t h e  c o n d e n s a t io n s  c a r r i e d  o u t  i n  p y r i d i n e  
w i th  t h o s e  fo rm ed  i n  a c e t i c  a n h y d r id e .  O xono ls  w ould  have  
b e e n  e x p e c te d  f ro m  p y r i d i n e  a s  p y r id in iu m  s a l t s .  F u r t h e r ­
m o re ,  t h e  new d yes  a r e  n o t  r e a d i l y  s o l u b l e  i n  aqueous  
a l k a l i n e  s o l u t i o n s  a s  a r e  t h e  o x ono l dyes  d e r i v e d  from  
b a r b i t u r i c  a c i d s .  E l e c t r o p h o r e s i s  e x p e r im e n t s ,  u s i n g  sodium  
h y d ro g e n p h o sp h a te  b u f f e r ,  showed t h a t ,  w h e reas  t h e  mono- 
m e th in e o x o n o ls  d e r i v e d  from  b a r b i t u r i c  a c i d s  moved to w a rd s  
t h e  a n o d e ,  t h e  new d yes  d i d  n o t  move and t h e r e f o r e  c o u ld  
be c o n s id e r e d  to  be u n c h a r g e d .  From t h e s e  f a c t s ,  t h e  
m o le c u la r  f o rm u la e  and  p . m . r .  s p e c t r a ,  t h e  d y es  can  be  
a s s i g n e d  t h e  g e n e r a l  s t r u c t u r e  o f  t h e  p y ra n o  [ 2 , 3 -d ]  
p y r im i d i n e s  (9 4 )  and  t h e  c o u r s e  o f  th e  r e a c t i o n  l e a d i n g  
t o  t h e i r  f o r m a t i o n  i s  s e t  o u t  i n  Scheme 1, F u r t h e r  c h e m ic a l  
p r o p e r t i e s  o f  t h e  d y e s ,  t o  b e  d e s c r i b e d  s u b s e q u e n t l y ,  w i l l
4-4
be  s e e n  t o  s u p p o r t  t h e  a s s i g n e d  s t r u c t u r e s .
Scheme 1
F o rm a t io n  o f  P y r a n o [ 2 ,3 - d ] p y r i m i d i n e  Dyes from  t h e  
C o n d e n s a t io n s  o f  1 , 3 - D i a l k y I b a r b i t u r i c  A c id s  w i th  
E th y l  O r t h o a c e t a t e
0 .
R
0
X R 
0OgHrO
X
+ A-CgH^Oa
( 9 2 )
CgEi^O
R
J  m:c
X
( 9 2 )
' ^ c — C H = C '^
OCgHr
( 9 3 )
-f CgH^OH
v vm ERI L y ]
0 OGgHc CH^ 0
( 9 3 )
R
> RE.
'2^5'
( 9 4 )
5 - 1 ' “E t h o x y e t h y l i d e n e r h o d a n i n e s , on t r e a t m e n t
72w i th  sodium  e t h o x i d e ,  a r e  k n o w n t o  g iv e  th e  c o r r e s p o n d in g  
l - e t h o x y - 3 - m e t h y l t r i m e t h i n e o x o n o l s , r e l a t e d  t o  t h e  above 
p o s t u l a t e d  i n t e r m e d i a t e s .
When 1 , 3 - d i e t h y l - 2 - t h i o b a r b i t u r i c  a c i d  was 
a l lo w e d  t o  r e a c t  w i th  e t h y l  o r t h o a c e t a t e  i n  b o i l i n g  p y r i d i n e , 
an  o r a n g e - r e d  dye was fo rm ed .  A f t e r  a t t e m p te d  p u r i f i c a t i o n ,  
t h i s  m e l t e d  a t  154° and h ad  Am ax i n  e th a n o l  a t  494 nm.
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E le m e n ta l  a n a l y s i s  was c l o s e  t o  t h a t  r e q u i r e d  f o r  th e  
p y r id in iu m  s a l t  o f  t h e  c o r r e s p o n d in g  l - e t h o x y - 3 - m e t h y l -  
t r i m e t h i n e o x o n o l  h u t ,  b e c a u s e  t h e  dye became s t i c k y  on 
s t o r a g e ,  i t  was n o t  i n v e s t i g a t e d  any f u r t h e r .
P r o to n  m a g e n t ic  r e s o n a n c e  m easu rem en ts  on t h e  
dyes  (9 4 ;  R=CH^, X=0) and  (9 4 ;  R=C2H^, X=S) a r e  c o n s i s t e n t  
w i th  t h e i r  a s s i g n e d  s t r u c t u r e s .  I n  t h e  f o l l o w i n g  f o rm u la e  
o f  t h e  p y r a n o [ 2 , 5 - d ] p y r i m id i n e s  t h e  r e c o r d e d  v a l u e s ,  
a s s i g n e d  t o  t h e  v a r i o u s  p r o t o n s ,  a r e  th e  c h e m ic a l  s h i f t s  
i n  pop .m . on t h e  t  s c a l e ,  i . e .  w i t h  r e s p e c t  t o  t e t r a -  
m e t h y l s i l a n e , a s  i n t e r n a l  s t a n d a r d ,  and t h e  s o l v e n t  was 
d e u t e r i o c h l o r o f o r m ;
6 . 6 7 ( 6 H ,s )
1 .5 8 ( lH ,q , J = 0 ,9 H z )7 .2 8 (5 H ,d ,J = 0 .9 H z )
CH.
:0
6 .0 9  (5 H ,s )
Y NCH, 6 .6 ( 5 H , s )
(H,OHpO X 8 . 7 1 ( 6 H , t , J = 7 H z ) _ ^  
( 5 . 4 2 ( 4 3 ,  q , J=7H z
1 .5 ( l H ,q , J = 0 . 8 H z )  -  7 ;2 2 (3 H ,d ,J = 0 .8 H z ) ► H,C
4 .8 2 (2 H ,q ,J = 6 .9 H z )
8 .6 ( 3 H , t , J = 6 .9 H z )
NCH2CH, 8 .6 7 ( 3 H , t , J = 6 .9 H z )  
5 .4 (2 H ,q ,J = 6 .9 H z )
The v i s i b l e  a b s o r p t i o n  c h a r a c t e r i s t i c s  o f  th e  
d yes  have  b e e n  d e te r m in e d  i n  a number o f  s o l v e n t s  and  t h e  
r e s u l t s  o f  t h e  s t u d y ,  w h ich  a r e  t a b u l a t e d  i n  s e c t i o n  5> w i l l  
be  d i s c u s s e d  i n  s e c t i o n  4 ,
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2 „ 5 o A c t io n  o f  B ases  on Dyes C o n ta in in g  th e  P y r a n o [ 2 ,3 - d ]  
•py rim id in e  N u c le u s
I t  was p r e v i o u s l y  m e n t io n e d  t h a t  t h e  d y es  
o b t a i n e d  from  t h e  c o n d e n s a t io n s  o f  b a r b i t u r i c  a c i d s  w i th  
e t h y l  o r t h o a c e t a t e  a r e  n o t  r e a d i l y  s o l u b l e  i n  aqueous  
a l k a l i n e  s o l u t i o n s .  H ow ever, when m e th a n o l i c  s o l u t i o n s  
o f  t h e  d y es  (9 4 ;  R=CH^, X = 0 ) , (9 4 ;  R=GgH^, X =0), and  •
(9 4 ;  R^OgH^, X=S) were t r e a t e d  w i th  c o l d  aq u eo u s  s o l u t i o n s  
o f  p o ta s s iu m  h y d r o x id e ,  th e  c o l o u r s  were d i s c h a r g e d ,  
p r o b a b ly  w i th  f o r m a t i o n  o f  t h e  c a r b i n o l  b a s e s (9 5 ;  R=CH^ o r  
GpH , X=0 o r  S)o A d ip o t a s s iu m  s a l t  c o r r e s p o n d in g  i n  
c o m p o s i t io n  t o  t h e  compound (9 6 )  was fo rm ed  by  t r e a t i n g  
t h e  dye (9 4 ;  R=GH^, X=0) w i th  two e q u i v a l e n t s  o f  a l k a l i  
p e r  m o le c u le  o f  d y e .  The d y es  w ere r e c o v e r e d  when s o l u t i o n s  
o f  t h e  above s a l t s  w ere a c i d i f i e d .
R K
HRHO
GH
K ©
© ©
0 d
OHj
N C H , 2 K ®
. (95) ( 9 6 )
I t  i s  known t h a t  p y r a n  r i n g  sy s te m s  can  be
opened  on t r e a t m e n t  w i t h  a l k a l i ,  and t h a t  a c i d i f i c a t i o n
155o f  t h e  p r o d u c t ,  r e g e n e r a t e s  t h e  o r i g i n a l  p y ra n  , F u r t h e r ­
m ore , i t  i s  known t h a t  c e r t a i n  p y ra n s  on t r e a t m e n t  w i th  
ammonia can be  c o n v e r t e d  i n t o  t h e  c o r r e s p o n d in g  p y r i d i n e  
d e r i v a t i v e s ^ ^ ^ . I t  was t h e r e f o r e  c o n s id e r e d  t h a t  t r e a t m e n t  
of a dye o f  t h e  p r e s e n t  ty p e  w i th  ammonia c o u ld  l e a d  t o  
t h e  c o r r e s p o n d in g  p y r i d i n e  d e r i v a t i v e .  T hus ,  dye
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(9 4 ;  R=CHj, X=0) was h e a t e d  with, ammonia i n  m e th a n o l i c  
s o l u t i o n  t o  g iv e  a p a l e  y e l l o w  p r o d u c t  w hich  was 
r e c r y s t a l l i s e d  from  b en zeneo  I t  was i n t e n s e l y  f l u o r e s c e n t  
i n  u l t r a v i o l e t  l i g h t ,  was s o l u b l e  i n  aqueous  a l k a l i  and 
was r e c o v e r e d  when i t s  b a s i c  s o l u t i o n  was n e u t r a l i s e d »
I t  had  Xmax i n  c h lo ro fo rm  a t  594 nm. E l e m e n ta l  a n a l y s i s  
and  m o le c u la r  w e ig h t  d e t e r m i n a t i o n  s u g g e s t  t h e  f o r m a t io n  
o f  t h e  p y r i d o [ 2 , 5 “ d ] p y r i m i d i n e  (9 7 )  and t h e  mode o f  i t s  
f o r m a t io n  i s  s e t  o u t  i n  Scheme 2 .
Scheme 2
M echanism o f  t h e  F o r m a t io n  o f  a  P y r i d o [ 2 , 5 - d ]
•p y rim id in e  D e r i v a t i v e  by T re a tm e n t  o f  a  P y r a n o [ 2 ,5 -d ]
p y r im id in e  w i th  Ammonia
CH
CH
..NCR ,N CE0
CHCHCH © ©
.NCHCH
» NH,CH.
CH. ©
0
NCRH3 CH
C o n t i n u e d . . .
Scheme 2 (C o n t in u e d )
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P r o to n  m a g n e t ic  m easu rem en ts  on t h e  Compound 
(9 7 )  c o n f i rm  t h e  a s s i g n e d  s t r u c t u r e :
GH, 6 . 6 1 ( 3 H ,s )
Qv. . A v^ O H  - 8 .5 ( 1 H , s )1  IT CH, 6 ,2 1 (3 H ,S )6.63C 5H , s)H,CIf.
^ 0 ^ 1  r  t (CDC.6,)0 ^  U J ^ H C H g  6 . 5 8 ( 3 H , s )  ^
1 .2 5 C l H ,q , J = 0 . 8 H z ) - ^  | |T
7 .1 5 (3 H ,d ,J = 0 .S H z ) 0
I t  was c o n s id e r e d  t h a t  i t  s h o u ld  be p o s s i b l e  
t o  e x te n d  t h e  above r e a c t i o n  by u s in g  p r im a r y  a m i n e s ' 
i n s t e a d  o f  ammonia. T h e r e f o r e ,  dye (9 4 ;  R=CH^, X=0) was 
t r e a t e d  w i th  e th y la m in e  i n  b o i l i n g  e th a n o l  when t h e  dye was 
decom posed w i th  t h e  f o r m a t i o n  o f  a c o l o u r l e s s  c r y s t a l l i n e  
p r o d u c t .  T h is  was o b t a i n e d  i n  8 1 %  y i e l d  a f t e r  two 
r e c r y s t a l l i s a t i o n s  from  m e th a n o l .  E l e m e n ta l  a n a l y s i s  and  
m o le c u la r  w e ig h t  d e t e r m i n a t i o n  on t h e  p r o d u c t  s u g g e s t  t h a t
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i t  had  th e  c o m p o s i t io n  o f  th e  enarnine (9 8 ;  X=0)„
I t s  f o r m a t io n  can  he r e p r e s e n t e d  hy Scheme 3» T h a t  a 
s i n g l e  p r o d u c t  was i s o l a t e d  from  t h i s  r e a c t i o n  i n  su c h  h ig h  
y i e l d  i s  s t r o n g  e v id e n c e  i n  f a v o u r  o f  th e  a s s i g n e d  s t r u c t u r e  
o f  th e  p y r a n o [ 2 , 3 - d ] p y r i m i d i n e  d y e s .
Scheme 3
Mechanism o f  t h e  F o rm a t io n  o f  a n  Enarnine hy T re a tm e n t  
o f  a  P y r a n o [ 2 ,3 ~ d ] p y r im id in e  Dye w i th  E th y la m ine
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The s t r u c t u r e  o f  t h e  enarnine (9 8 ;  R=CH^, X=0) 
was c o n f i rm e d  hy i t s  h y d r o l y s i s  w i th  aqu eo u s  sodium  
h y d ro x id e  s o l u t i o n  w i th  th e  l o s s  o f  e th y la m in e  to  g iv e  
t h e  known 5 - a c e t y l - l , 3 - d i m e t h y l h a r h i t u r i c  a c id ^ ^ ^ »
The dye (9 4 ;  R=OgH^, X -S )  beh av es  s i m i l a r l y  
on t r e a t m e n t  w i th  e th y la m in e  to  g iv e  a  s i n g l e  p r o d u c t  i n  
h ig h  y i e l d .  E l e m e n ta l  a n a l y s i s  and m o le c u la r  w e ig h t  
d e t e r m i n a t i o n  c o n f i rm s  t h e  p r o d u c t  t o  h e  t h e  enam ine (9 8 ;  
R^CgHc, X=S) . A t te m p ts  t o  h y d r o l y s e  t h i s  b a s e  w i t h  a l k a l i  
t o  th e  c o r r e s p o n d in g  k e to n e  were u n s u c c e s s f u l .  H ydrogen 
s u l p h id e  was e v o lv e d  i n  t h e  w ork-up  o f  t h e  r e a c t i o n  s o l u t i o n  
p re su m a b ly  due t o  d e c o m p o s i t io n  o f  th e  t h i o h a r h i t u r i c  a c i d .
F u r th e r m o r e ,  p r o t o n  m a g n e t ic  r e s o n a n c e  m e a s u re ­
m ents  on t h e  b a s e s  (9 8 ;  R=CH^, X=0) and  (9 8 ;  R^C^H^, X ~ S )  
a r e  c o n s i s t e n t  w i th  a s s i g n e d  s t r u c t u r e s  a s  i n d i c a t e d :
_H,C
6 . 7 3 ( 6 H , s ) ' ^  Yi 
V  0 ; ^ "
1  7 . 3 5 ( 3 H ,s )
0 NHCHgCH, 8 .6 6 ( 3 H , t , J = 7 H z )
^  '^ ' ^ 6 .5 3 ( 2 H ,d q , J = 5 H z , 7 H z )
- 2 . 5 ( l H , b s )
T ( c d c y )■ 8 .7 2 (6 H , t ,J = 7 H z ) 'Y j  g g  Ç
3 . 4 5 ( 4 H , q , J = 7 H z L b ^ 4  ^0
-------------------------------- ^  r  CH, 7 .5 (3 H ,s )  ,
II ^ m C H g C H ,  8 .6 3 ( 3 H , t , J = 7 H z )
°  * '^ - 6 .4 6 ( 2 H ,d q , J .5 B z ,7 H z )
- 2 . 5 ( l H , b s )
The c o n d e n s a t io n  o f  t h e  dye (94q EcCgH ,, X=0) 
w i th  a n i l i n e  i n  b o i l i n g  e t h a n o l ,  gave a f t e r  t r e a t m e n t  
w i th  w a te r  a  c o l o u r l e s s  c r y s t a l l i n e  p r o d u c t .  T h is  h a d  kmax
51
i n  m e th a n o l  a t  312 nm. E l e m e n ta l  a n a l y s i s  and  m o le c u la r  
w e ig h t  d e t e r m i n a t i o n  s u g g e s t  t h a t  p o s s i b l e  s t r u c t u r e s  
w hich  can  be  a s s i g n e d  t o  t h e  p r o d u c t  a r e  t h e  a n i l i d e  
(9 9 ;  and t h e  k e to -a m in e  (1 0 0 ; The
p r o d u c t  was s o l u b l e  i n  b o th  b a s e  and a c i d  and  was r e c o v e r e d  
r e s p e c t i v e l y ,  on n e u t r a l i s a t i o n  o f  t h e  b a s i c  s o l u t i o n  and 
on d i l u t i o n  o f  th e  a c i d  s o l u t i o n  w i th  w a t e r .  These 
f a c t o r s  t e n d  t o  s u p p o r t  t h e  se c o n d  s t r u c t u r e ,  b u t  a t t e m p t s  
t o  e f f e c t  c o n d e n s a t io n s  o f  a k e to n e  g ro u p ,  e . g .  w i th
2 ,4—d i n i t r o p h e n y l h y d r a z i n e  and a c é t y l a t i o n  o f  t h e  amino 
f u n c t i o n  w i th  a c e t i c  a n h y d r id e  w ere n o t  s u c c e s s f u l .  However, 
a b se n c e  o f  t h e s e  p r o p e r t i e s  d o es  n o t
RN. i
,0H
T c „
C=CHCONHC^Hc- 5 5
RN
0 CH:
CHgCOHHC^H^
(99a) (99b)
R
0 CHCOCE.NHCgH^
(1 0 0 a )
% CHgCOCH,HHCgH^
(10 0 b )
R
0 ^ / ^ ^  -OH 
RN
0
(1 0 0 c )
-CHgCOCH^
p r e c l u d e  t h e  s t r u c t u r e  ( 1 0 0 ) f o r ,  i n  su c h  a  s t r u c t u r e  t h e  
p r o t o n  i n  t h e  a n i l i n o  g roup  w ould be  c a p a b le  o f  h y d ro g e n
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bond f o r m a t io n  with, t h e  c a r b o n y l  g ro u p s  w i t h i n  t h e  m o le c u l e ,  
and  i t  i s  known t h a t  i n  s u c h  c a s e s  n o rm a l k e t o n i c  and 
a c y l a t i o n  r e a c t i o n s  do n o t  t a k e  p la c e ^ ^ ^ o
The mass s p e c t r a l  f r a g m e n t a t i o n  p a t t e r n  shows 
l o s s  o f  4$ u n i t s  from  t h e  p a r e n t  p e a k  and s i n c e  t h i s  
c an  be a t t r i b u t e d  to  t h e  l o s s  o f  e i t h e r  NC2H^- o r  COCH  ^ i t  
was c o n s id e r e d  w o r th w h i le  t o  p r e p a r e  and a n a ly s e  by mass 
s p e c t r o m e t r y  th e  a n a lo g u e  (99  o r  100; R=CH^). T h is  was 
p r e p a r e d  by a p r o c e d u r e  s i m i l a r  t o  t h a t  d e s c r i b e d  a b o v e .
I t s  mass s p e c tru m  a l s o  showed l o s s  o f  45 u n i t s  from  t h e  , 
p a r e n t  p e a k  and i n  t h i s  c a s e  can  more c e r t a i n l y  b e  a t t r i b u t e d  
t o  t h e  l o s s  o f  COGHj. F u r th e r m o r e ,  a c c u r a t e  mass m e a su re ­
m en ts  on b o th  compounds c o n f i rm  t h e  l o s s  o f  COCH  ^ and t h i s  
i s  e v id e n c e  i n  s u p p o r t  o f  t h e  k e t o n i c  s t r u c t u r e .  A s u g g e s te d  
m echanism f o r  i t s  f o r m a t i o n  i s  o u t l i n e d  i n  Scheme 4 .
Scheme 4
A c t io n  o f  A n i l i n e  on Dyes C o n ta in in g  t h e  P y r a n o [ 2 ,5 - d ]  
p y r im id in e  N u c le u s , i n  t h e  P r e s e n c e  o f  W ater
NR
PhNH
RN
Ph
R
0 ^ V  R
( .0 .  ^N.
0
NRRN.
C o n t in u e d o .
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Scheme 4 (C o n t in u e d )
©o R
NR
Ô'* I^ '-HNPh
H^O
r 0^  N-. H® HOn -G = C H -^C '< ^ \(^^ ' “ --HNPh /  \  ^HO CH^ ,
HNPh
CH— C C H - 1 : OH
R
NR
C-CHgCOCH,
0 “--HNPh
P r o to n  m a g n e t ic  r e s o n a n c e  m easu rem en ts  on t h e  
p r o d u c t  from  t h e  c o n d e n s a t io n  o f  t h e  dye (9 4 ;  R=C2H^, X=0)
w i th  a n i l i n e  a l s o  s u p p o r t  t h e  k e to -a m in e  s t r u c t u r e  a s  shown 
be lo w :
8 . 8  (6 H ,t ,J= 7 H z )  H^OEgC 
6 o03(4H ,q ,J= ^H z)  ^ ^ ^ ^ 0
H^CHgCN.
0
5 .9 3 ( 2 H , s )
CHgCOCH^ 7 . 7 1 ( 3H , s ) T ( CDC^j )
™ C^H^ 2 .68 (5H ,m )
- l 4 . 3 ( l H , b s )
I t  would h av e  b e e n  d e s i r a b l e  to  h av e  o b t a i n e d  
e i t h e r  th e  above a n i l i d e  o r  t h e  k e to - a m in e  by a n  u n e q u iv o c a l  
s y n t h e s i s ,  f o r  c o m p a r iso n  w i th  t h e  p r o d u c t  o b t a i n e d  by t h e  
c o n d e n s a t io n  o f  dye (9 4 ;  R=CH^, X=0) w i th  a n i l i n e .  H owever, 
a t t e m p t s  t o  p r e p a r e  t h e  a n i l i d e  (9 9 ;  R=CH^) by c o n d e n s a t io n
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of  th e  p y r a n o [ 2 , 5 - d ] p y r im id in e  (8 7 ;  R^-R^=Z=CH^) w i th
a n i l i n e  were n o t  s u c c e s s f u l .  I n  one e x p e r im e n t  s t a r t i n g  
m a t e r i a l s  were r e c o v e r e d ,  and  i n  a n o th e r  a s m a l l  amount o f
1 , 5 - d i m e t h y l b a r b i t u r i c  a c i d  was i s o l a t e d  a s  w e l l  a s  
r e c o v e r e d  s t a r t i n g  m a t e r i a l s .
When t h e  d y e s (9 4 ;  RsCgH^, X=0)and (9 4 ;  RsC^H^,
X=S) were t r e a t e d  w i th  t r i e t h y l a m i n e  i n  e t h a n o l i c  s o l u t i o n s ,  
o ra n g e  and o r a n g e - r e d  d y e s ,  r e s p e c t i v e l y  w ere fo rm ed .
However, a l t h o u g h  i t  was p o s s i b l e  t o  i s o l a t e  t h e  p r o d u c t s  
by a c i d i f i c a t i o n  and  e x t r a c t i o n  i n t o  c h lo r o fo r m ,  th e  dyes  
f a d e d  r a p i d l y  i n  s o l u t i o n ,  a n d ,  t h e r e f o r e ,  c o u ld  n o t  be 
i n v e s t i g a t e d  f u r t h e r .
2 .6 .  A c t io n  o f  A c id s  on Dyes C o n ta in in g  t h e  P y r a n o [ 2 ,5 - d ]  
p y r im id in e  N u c le u s
I t  i s  known t h a t  c e r t a i n  p y r a n s  c a n  fo rm  oxonium 
s a l t s  w i th  a c i d s ,  an d ,  i t  w as , t h e r e f o r e ,  c o n s id e r e d  
w o r th w h i le  to  i n v e s t i g a t e  t h e  p r e s e n t  dyes  u n d e r  a c i d  
c o n d i t i o n s .
I t  was fo u n d  t h a t  t h e  dyes  a r e  s t a b l e  i n  s t r o n g  
m in e r a l  a c i d s .  D yes, (9 4 ;  R=CgH^, X=0) and  (9 4 ;  R^CgH^,
X=S) w ere e a c h  d i s s o l v e d  i n  s t r o n g  s u l p h u r i c  a c i d  and 
p e r c h l o r i c  a c i d , r e s p e c t i v e l y , and  were r e c o v e r e d  when th e  
s o l u t i o n s  w ere d i l u t e d  i n  w a te r .  I t  was n o t  p o s s i b l e  t o  
i s o l a t e  an  oxonium s a l t  by  p a s s a g e  o f  d ry  h y d ro g e n  c h l o r i d e  
i n t o  b en zen e  s o l u t i o n s  o f  t h e  dyes  (9 4 ;  R=CH^, X=0) and 
(9 4 ;  R=C2H^,X=S)c T h is  i s  e x p l a i n e d  by th e  p r o b a b le  
e x i s t e n c e  o f  t h e  d y es  i n  a  z w i t t e r i o n i c  form  i n  w hich  a 
n i t r o g e n  atom i n  t h e  p y r a n o [ 2 ,3 - d ] p y r i m i d i n e  n u c l e u s  c a r r i e s  
a p o s i t i v e  c h a rg e  and  one o f  t h e  oxygen atom s i n  t h e  p y r im id in e  
r i n g  c a r r i e s  a n e g a t i v e  c h a r g e .
55
2 o7. B ro m in a t io n  o f  a Dye C o n ta in in g  . th e  P y r a n o [ 2 ,3 - d ]  
p y r im id in e  N u c le u s
B ro m in a t io n  o f  t h e  dye (9 4 ;  R=CH^, X=0) was
a c c o m p l is h e d ,  i n  b o i l i n g  c h lo r o fo r m ,  w i t h  b rom ine  i n
e x c e s s  o f  t h e  amount r e q u i r e d  t o  r e p l a c e  t h r e e  h y d ro g e n
atom s i n  t h e  dye m o le c u le ;  h y d ro g e n  b ro m id e  was e v o lv e d
d u r in g  th e  r e a c t i o n  and  t h e  dye p r o d u c t  fo rm ed  was o n ly
a d ib ro m id o  compound . T h is  h ad  Amax i n  p y r i d i n e  a t
444 nm.
H^CN.
riOXÏZ 0 
( 101)
The a s s ig n m e n t  o f  t h e  s t r u c t u r e  (1 0 1 ;  X=Y=Br, 
Z=H) i s  b a s e d  on p r o t o n  m a g n e t ic  r e s o n a n c e  r e s u l t s :
CH^ 6 . 6 1 ( 3 H ,s )I 5
OHj 6 . 0 5  ( 3 H ,s )
6 .5 7  ( 3H, s ) H T ( CDC^J )
s 6 .5 4 ( 3 H ,s )0 . 6 7 ( l H , s )   T  ^  ^
2 . 8 9 ( l H , s )  ------------------------- 0
When t h e  s p e c t r a  o f  t h e  s t a r t i n g  m a t e r i a l  and 
p r o d u c t  a r e  com pared  i t  c a n  be  s e e n  t h a t  w h e reas  t h e  
dye (9 4 ;  R=CH^, X=0) g iv e s  a  3 - p r o t o n  s i g n a l  a t  t 7 . 2 8  
w hich  can  be  a s s i g n e d  to  a m e th y l  g roup  i n  t h e  p y r a n  r i n g  
t h e  p r o d u c t  does  n o t .  B o th  g iv e  s i g n a l s  w hich  c a n  be 
a t t r i b u t e d  t o  th e  s i n g l e  p r o t o n  o f  th e  p y r a n  r i n g .  The 
d ibrom o dye h a s ,  i n  a d d i t i o n ,  a  1 - p r o t o n  s i g n a l  a t 'T '2 .8 9
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w hich  can  he  a s s i g n e d  t o  t h e  p r o t o n  o f  th e  B r2CH g ro u p ;  
t h a t  i t  i s  s e e n  a t  lo w e r  f i e l d  t h a n  would he e x p e c te d  
(T a h le s ^ ^ ^  s u g g e s t  t 5 . 6 5 )  ca n  he a t t r i b u t e d  to  s t e r i c  
c ro w d in g  o f  t h e  p r o t o n  hy t h e  h ro m in e  atom s and  t h e  
a d j a c e n t  c a r h o n y l  g r o u p . T h is  cro w d in g  p re su m a b ly  e x p l a i n s  
why t r i h r o m i n a t i o n  d i d  n o t  o c c u r .
The t r e a t m e n t  o f  dye (9 4 ;  R=GH^, X=0) w i th  a 
c o n t r o l l e d  amount o f  h ro m in e  i n  c h lo r o fo r m ,  s u f f i c i e n t  
to  s u b s t i t u t e  o n ly  one h y d ro g e n  atom p ro d u c e d  a mono- 
h r o m in a te d  dye (1 0 1 ;  X=Y=H, Z=B r), T h is  h ad  Amax i n  
m e th a n o l  a t  440 nm.
The s t r u c t u r e  o f  t h e  p r o d u c t  was d e te r m in e d  hy 
c o m p a r iso n  o f  i t s  p . m . r ,  sp e c t ru m  w i th  t h a t  o f  t h e  s t a r t i n g  
m a t e r i a l .  I n  t h e  fo rm u l a  b e lo w  c h e m ic a l  s h i f t s  a r e  shown:
6 . 6 2 ( 6 H ,s ) ^  ^  6 .0 7 ( 5 H ,s )
tc c d c ^ j )
0 *  L  JJ NCH^ 6 .5 ^ ( 3 H , s )
1 .3  ( l H , s )   1 ^ ^  ^
5 .1 1 ( 2 H , s ) -------» EgCBr 0
B o th  s p e c t r a  show s i g n a l s  w hich  can  h e  a s s i g n e d  to  t h e  
s i n g l e  p r o t o n  o f  t h e  p y r a n  r i n g .  The s i g n a l  a s s i g n e d  t o  
t h e  m e th y l  g roup  i n  t h e  p y r a n  r i n g  o f  th e  s t a r t i n g  dye 
i s  a b s e n t  i n  t h e  s p e c t ru m  o f  th e  p r o d u c t  and i n s t e a d  
t h e r e  i s  a s i g n a l  a t t  9 .1 1  w hich  can  he  a t t r i b u t e d  t o  t h e  
p r o to n s  o f  a BrCHg g ro u p ,  a p r e d i c t e d  c h e m ic a l  s h i f t
b e in g  t5 . 55»
2 , 8 .  S u l p h o n a t io n  o f  a  Dye C o n ta in in g  t h e  F y r a n o [ 2 ,3 - d ]  
•py rim id in e  N u c le u s
The dye (9 4 ;  R=CH^, X=0) was a l lo w e d  t o  r e a c t
57
w ith  oleum to  g iv e  a m o n o su lp h o n a te d  p r o d u c t  (1 0 1 ;  X=Y=H, 
Z=S0^H) w hich  was s o l u b l e  in. w a t e r .  I t  had  Ajnax i n  w a te r  
a t  4-57 run. The s t r u c t u r e  o f  th e  p r o d u c t  was a g a in  b a s e d  
on a c o m p a r iso n  o f  i t s  p . m . r .  s p e c tru m  w i th  t h a t  o f  i t s  
p r e c u r s o r ;
CH^
6 . 6 1 ( 6 H , s ) s ^  6 . 0 5 ( 3 H , s )
( 3 » L  i  NCH- 6 . 4 l ( 3 H , s )
1.44(1H,8) T l f  ^HOzSOHg 0
4 . 9 5 ( 2 H ,s )
Thus t h e  s i g n a l  from  th e  m e th y l  g roup  i n  t h e  
p y r a n  r i n g  i s  a b s e n t ;  i n s t e a d ,  a s i g n a l  i s  d e t e c t e d  w hich  
can  be  a t t r i b u t e d  t o  t h e  two p r o to n s  o f  th e  su lp h o m e th y l  
g ro u p .  The a c i d i c  p r o t o n ,  h o w ev e r ,  was n o t  l o c a t e d  
p r o b a b ly  b e c a u s e  i t  e x ch an g ed  w i th  d e u te r iu m .
2 .9 .  N o n - io n ic  T r i n u c l e a r  Dyes C o n ta in in g  th e  P y ran o  
[ 2 , 3 - d ] p y r i m id i n e  N u c le u s
Complex d y es  (1 0 3 )  c o n t a i n i n g  t h e  p y r a n o [ 2 ,3 - d ]  
p y r im id in e  n u c l e u s  h av e  b e e n  p r e p a r e d  by  c o n d e n s in g  th e  
d yes  (94-; EsCgH^, X=0 o r  S ) w i th  t h e  a p p r o p r i a t e  r e a g e n t s  
(1 0 2 ;  n=0 , 1 o r  2 ,  Y = I , SC^H^, N(OOCH^)C^H^) i n  th e
p r e s e n c e  o f  a  b a s e ,  a c c o r d in g  t o  e q u a t i o n  1 0 .
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(9 4 )
N CgHr
y -A'
+ Ï(CH=CH)^-C ;
1 '
®2^5
b a s e ( 102)
Ç2H3
H.C^N
f  T  i r; C=(CH~GH=) CH 6
'N
CgH^
(1 0 5 )
+ HI + HY E q . ( lO )
T hus , by  a l l o w in g  th e  dye (9 4 ;  H^GgH^, X=0) 
t o  r e a c t  w i th  2 -2  ' - a c e t a n i l i d o v i n y l - 5 - e t h y l b e n z o x a z o l i u i i i  
i o d i d e  i n  a l c o h o l ,  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e , t h e  
com plex dye (1 0 5 ; n = l ,  X=0, A=atoms to  c o m p le te  a 
b e n z o x a z o le  n u c l e u s )  was p r e p a r e d .  I t s  v in y lo g u e  (1 0 5 ; 
n= 2 , X=0, A=atoms t o  c o m p le te  a b e n z o x a z o le  n u c l e u s )  
r e s u l t e d  when th e  dye (9 4 ;  R=G2H^, X=0) was co n d en sed  w i th
2 - 4 ' - a c e t a n i l i d o b u t a d i e n y l - 5 - e t h y l b e n z o x a z o l i u m  i o d i d e , 
u n d e r  s i m i l a r  c o n d i t i o n s .
The com plex dyes  (1 0 5 ;  n=0 , A=atoms t o  c o m p le te
a b e n z o t h i a z o l e  n u c l e u s ,  X=0 o r  S) w ere o b t a i n e d  by  
c o n d e n s in g  5 - e t h y l - 2 - e t h y l t h i o b e n z o t h i a z o l i u m  i o d i d e  w i th  
d yes  (9 4 ;  R=G2H^, X=0) and  (9 4 ;  E^G^H^, X=S)
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r e s p e c t i v e l y .  L ik e w is e ,  t h e  dyes  (1 0 5 ;  n= 0 , A=atoms to
c o m p le te  a 2 - q u i n o l i n e  n u c l e u s ,  X=0 o r  S ) r e s u l t e d  from  
c o n d e n s in g  l - e t h y l - 2 - i o d o q u i n o l i n i u m  i o d i d e  w i th  d y es  (9 4 ;
X=0) and  (9 4 ;  X=S),
The s p e c t r a  o f  t h e s e  com plex d y es  h av e  b e e n  
m easu red  and a r e  r e c o r d e d  i n  s e c t i o n  5 .  T hese  w i l l  be 
d i s c u s s e d  u n d e r  s e c t i o n  4 .
The dye (9 4 ;  R=GH^, X=0) was co n d en sed  w i th  
e t h y l  i s o f o r m a n i l i d e  t o  g iv e  t h e  a n i l i n e  d e r i v a t i v e  (1 0 4 ;  
Z=H), T h is  was a c e t y l a t e d  by t r e a t i n g  i t  w i th  a c e t i c  
a n h y d r id e  t o  g iv e  t h e  a c e t a n i l i d e  (104 ; Z=GOGH^) and th e n  
t h e  l a t t e r  was c a u s e d  t o  r e a c t  w i th  5 - e t h y i - 2 - m e t h y l -  
b en z o x a z o l iu m  i o d i d e  to  g iv e  a  com plex dye a n a lo g o u s  to  
compound (1 0 5 ;  n = l ,  A=atoms t o  co m p le te  a b e n z o x a z o le  
n u c l e u s ) .
GH.I 0
v W *N GH
H,GN
G^H^-^-GH=GH 0
5
z
(1 0 4 )
2 ,1 0 .  C o n d e n s a t io n  o f  1 , 5 - D i e t h y l b a r b i t u r i c  a c i d  w i th  
E th y l  O r th o -p ro p io n a te
I n  an  a t t e m p t  to  e x te n d  t h i s  work t o  o r t h o e s t e r s
o t h e r  th a n  o r t h o a c e t a t e ,  a  s tu d y  o f  t h e  c o n d e n s a t io n  o f
1 , 5 - d i e t h y l b a r b i t u r i c  a c i d  w i th  e t h y l  o r t h o p r o p i o n a t e
was u n d e r t a k e n .  F o r  t h i s  p u r p o s e ,  1 , 5 - d i e t h y l b a r b i t u r i c
a c i d  was h e a t e d  w i th  e t h y l  o r t h o p r o p i o n a t e  a t  t h e  b o i l i n g
p o i n t  o f  t h e  e s t e r .  A v e r y  s m a l l  y i e l d  o f  an  o ra n g e  dye
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was o b t a i n e d  o T h is  h a d  Xjnax i n  m e th a n o l  a t  4-68 nm. The 
e l e m e n ta l  a n a l y s i s  on t h e  p r o d u c t  s u g g e s te d  t h a t  i t  had  
t h e  s t r u c t u r e  o f  t h e  p y r a n o [ 2 , 5 -d]. p y r im id in e  ( 1 0 5 ) .  
However, s in c e  t h e  dye became s t i c k y  on k e e p in g  i t  was 
n o t  i n v e s t i g a t e d  f u r t h e r .
0
( 1 0 5 )
2 .1 1 ,  C o n c lu s io n
The c o n d e n s a t io n  o f  1 , 3 - d i a l k y l b a r b i t u r i c  a c i d s  
w i th  e t b y l  o r t h o a c e t a t e  g a v e ,  i n s t e a d  o f  t h e  d e s i r e d  
5 ~ e th o x y e th y l id e n e  d e r i v a t i v e s ,  n o v e l  d y e s .  T hese  have  
b e e n  shown, by  means o f  e l e m e n ta l  a n a l y s i s ,  m o le c u l a r  
w e ig h t  d e t e r m i n a t i o n s  and  p r o t o n  m a g n e t ic  r e s o n a n c e  
m e a su re m e n ts ,  t o  be  d e r i v a t i v e s  o f  p y r a n o [ 2 , 5 - d ] p y r i m id i n e  
The p r e p a r a t i o n  o f  a  num ber o f  d e r i v a t i v e s  o f  t h e s e  dyes  
h a s  c o n f i rm e d  t h e  a s s i g n e d  s t r u c t u r e s .  Some o f  t h e  new 
dyes  a r e  d e c o l o r i s e d  i n  a l k a l i n e  s o l u t i o n s  so a r e  
p o t e n t i a l l y  u s e f u l  a s  a n t i - h a l a t i o n  d y e s . The t r i n u c l e a r  
d yes  r e p o r t e d  h av e  some a c t i v i t y  a s  s p e c t r a l  s e n s i t i s e r s  
f o r  s i l v e r  h a l i d e  e m u ls io n s .
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3 .  DYES CONTAINING THE PIRâZQL0[3,2 -c]-s -T R IA Z 0L E  NUCLEUS
3 . 1 .  I n t r o d u c t i o n
The p r o d u c t i o n  o f  t h e  c o lo u r e d  im ages  u s e d  i n  
s u b t r a c t i v e  c o lo u r  p h o to g r a p h ic  p r o c e s s e s  d epends  on a 
p h o t o l y t i c  r e a c t i o n  to  i n i t i a t e  and to  c o n t r o l  t h e  
s y n t h e s i s  o f  t h e  im age d y e s . T hus ,  t h e  r e a c t i o n s  ( i )  and 
( i i )  p ro p o s e d  by P i s c h e r ^ ^ ^  form  th e  b a s i s  upon  w hich  a 
number o f  m odern c o l o u r  p h o to g r a p h ic  p r o d u c t s  d ep en d ,
( i )  ex p o sed  s i l v e r  h a l i d e  + d e v e lo p e r  — ► o x i d i s e d  d e v e lo p e r
( i i )  o x i d i s e d  d e v e lo p e r  + c o u p l e r  — ► dye
A r a n g e  o f  dyes  i s  p o s s i b l e  d e p e n d in g  on t h e  
d e v e lo p e r  and  c o u p le r  s e l e c t e d  f o r  u s e .  A u s e f u l  dye 
m ust be  r e a s o n a b l y  s t a b l e  t o  l i g h t ,  h e a t ,  m o i s t u r e  and 
a c i d  and m ust n o t  d i f f u s e  from  th e  l a y e r  o f  t h e  p h o to ­
g r a p h i c  m a t e r i a l  i n  w hich  i t  i s  fo rm ed .
S u b t r a c t i v e  c o lo u r  p h o to g ra p h y  r e q u i r e s  th e  
f o r m a t io n  o f  t h r e e  d y es  -  y e l l o w ,  m ag en ta  and  c y an .  F o r  
h ig h  q u a l i t y  c o lo u r  r e p r o d u c t i o n  i t  i s  n e c e s s a r y  to  
u t i l i s e  dyes  w h ich  h av e  h ig h  a b s o r p t i o n  i n  one r e g i o n  o f  
t h e  v i s i b l e  sp e c t ru m  and  t r a n s m i t t a n c e  as  h i g h  a s  p o s s i b l e  
i n  t h e  o t h e r  tw o .  T h u s ,  s u i t a b l e  y e l lo w  d y es  h av e  p e a k  
a b s o r p t i o n s  i n  t h e  b l u e  r e g i o n  (4-00-500 nm) o f  t h e  
s p e c tru m  and h ig h  t r a n s m i t t a n c e  beyond  500  nm; m ag en ta  
dyes  have  a b s o r p t i o n  maxima i n  t h e  g r e e n  (5 0 0 -6 0 0  nm) and  
h i g h  t r a n s m i t t a n c e  i n  t h e  b l u e  and  r e d ;  cyan  d y es  have  
p e a k  a b s o r p t i o n s  i n  t h e  r e d  (6 0 0 -7 0 0  nm) w i th  h ig h  
t r a n s m i t t a n c e  be low  600 nm.
The dyes  (1 0 6 ;  R = a lk y l )  o b t a i n e d  by  c o n d e n s in g  
p y r a z o l i n o n e s  w i th  o x i d i s e d  2 - a m in o - 5 ~ d ie th y la m in o to lu e n e  
d e v e lo p e r  have
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y  O'
(CgH^)2N-<y ^ N = C ,
CHj
(1 0 6 )
0 ?— f e S
p ro v e d  u s e f u l  i n  t h e  m ag en ta  component o f  m u l t i - l a y e r  
c o l o u r  p h o to g r a p h ic  system s^^® .  However, many o f  th e  
e a r l i e r  r e p o r t e d  a z a m e th in e  d y es  (1 0 5 ; R = allcy l)  have  
u n d e s i r a b l y  h ig h  s id e  a b s o r p t i o n s .  T e c h n iq u e s  have  b e e n  
d e v i s e d  to  mask o u t  t h e  un w an ted  b lu e  a b s o r p t i o n  b u t  
s i n c e  t h e s e  i n v o l v e  t h e  u se  o f  c o lo u r e d  c o u p l e r s  th e y  
a r e  a p p l i c a b l e  o n ly  t o  n e g a t i v e  m a t e r i a l s ^ ^ ^ . M agenta  
im age d yes  h a v in g  un w an ted  s i d e  a b s o r p t i o n s  c a n  g iv e  r i s e  
t o  n o n - i d e a l  c o l o u r  b a l a n c e  when u s e d  i n  p r i n t  and  t r a n s ­
p a r e n c y  m a t e r i a l s .  T h u s ,  b e t t e r  dyes  a r e  r e q u i r e d  i n  
o r d e r  t o  im prove  t h e  q u a l i t y  o f  c o lo u r  r e p r o d u c t i o n .
M o d i f i c a t i o n s  t o  t h e  s t r u c t u r e  o f  t h e  p y r a z o l i n o n e  
c o u p l e r s  h a s  r e s u l t e d  i n  d y e s^ ^ ^  (1 0 6 ; R = s u b s t i t u t e d  amino 
g ro u p )  o f  im p ro v ed  a b s o r p t i o n  c h a r a c t e r i s t i c s  and dyes  
from  o t h e r  h e t e r o c y c l i c  sy s te m s  su c h  a s  i n d a z o lo n e s ^ ^ ^  
an d  p y r a z o l o E l , 5 “^ ]D e n z im id a z 0 1 e ^ ^  a l s o  a r e  c la im e d  to  
h av e  b e t t e r  a b s o r p t i o n  p r o p e r t i e s ,
152A c c o rd in g  t o  Lew is and  C a lv in  , a b s o r p t i o n  o f  
l i g h t  by  a p l a n a r  m o le c u le  h a v in g  no c e n t r e  o f  symmetry 
i n v o l v e s  v e c t o r i s e d  e l e c t r o n i c  a c t i v a t i o n s  a s s o c i a t e d  w i th  
e l e c t r i c  moments o r i e n t e d  n o rm a l to  e ach  o t h e r  i n  th e  
p l a n e  o f  t h e  m o le c u le .  I f  t h e s e  a c t i v a t i o n s  l e a d  to  
e x c i t e d  s t a t e s  d i f f e r i n g  s u f f i c i e n t l y  i n  e n e r g y ,  two 
a b s o r p t i o n  b an d s  r e s u l t . The band  w i th  th e  l o n g e r  wave­
l e n g t h  (x  b an d  ) i s  a s s o c i a t e d  w i th  a c t i v a t i o n  i n  t h e
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d i r e c t i o n  o f  g r e a t e s t  p o l a r i z a b i l i t y  i n  t h e  m o le c u le ,  
w h i le  th e  s h o r t e r  w a v e - l e n g th  b an d  (y  b a n d ) , a r i s e s  from  
a c t i v a t i o n  a t  r i g h t  a n g l e s  t o  t h i s  d i r e c t i o n .  The two 
b an d s  w hich  o c c u r  i n  t h e  v i s i b l e  a b s o r p t i o n  sp e c tru m  o f  
p y r a z o l i n o n e  a z a m e th in e  d y es  a r e  a l l e g e d  to  be  x  and y 
b an d s^ ^^  «
The n a t u r e  o f  t h e  e l e c t r o n i c  t r a n s i t i o n s  
a s s o c i a t e d  w i th  t h e  x -  and  y -b a n d s  h a s  b e e n  r e p o r t e d  b a s e d  
upon  s t u d i e s  o f  s o l v e n t  and  s u b s t i t u e n t  e f f e c t s  on a 
s e r i e s  o f  a z a m e th in e  d y e s ^ ^ ^ ^ ,  t h e  d ic h r o is m  o f  a p y r a ­
z o l in o n e  dye i n  s t r e t c h e d  p o l y v i n y l  a l c o h o l  s h e e t s ^ ^ ^ ^ ,  
and  by m o le c u la r  o r b i t a l  c a l c u l a t i o n s  o
I t  was c o n s id e r e d  t h a t  a  more sym m etr ic  sy s tem  
would ensue  i n  a z a m e th in e  dyes  i n  w hich  t h e  r e s o n a n c e  
s y s te m s  e a c h  t e r m i n a t e  i n  n i t r o g e n  a to m s,  and  t h a t  im proved  
s p e c t r a l  p r o p e r t i e s  w ould  r e s u l t  from  su ch  d y es  o v e r  th e  
c o r r e s p o n d in g  d y es  d e r i v e d  f ro m  2 ~ p y r a z o l i n - 5 - o n e s . One 
su ch  sy s tem  (1 0 ? )  i s  d e r i v e d  from  p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e ,  an  h i t h e r t o  unknown h e t e r o c y c l i c  s y s te m .
N ( C Æ ) o
N
(1 0 7 )
I t  was t h e  p r im a r y  o b j e c t  o f  t h i s  work t o  
p r e p a r e  and to  m easu re  t h e  a b s o r p t i o n  p r o p e r t i e s  o f  su c h  
d y es  t o  d e te r m in e  w h e th e r  t h e y  have  a d v a n ta g e s  o v e r  t h e
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known a z a m e th in e  d y e s ,  d e r i v e d  from  p y r a z o l i n o n e s ,  a s  
m ag en ta  im age dyes  f o r  p h o to g ra p h y .
F u r th e r m o r e ,  i t  was c o n s id e r e d  t h a t  i t  s h o u ld  
be p o s s i b l e  to  p r e p a r e  o t h e r  dyes  from  th e  b a s e s  r e q u i r e d  
f o r  th e  above s tu d y .
The f o l l o w i n g  i s  an  a c c o u n t  o f  t h e  p r e p a r a t i o n  
o f  th e  r e q u i r e d  b a s e s  and  t h e  f o r m a t io n  o f  d yes  d e r i v e d  
th e r e f r o m .
T h ro u g h o u t  t h i s  w ork , t h e  p a r e n t  b a s e s  a r e  
named as  l H - p y r a z o l o [ 3 , 2 - c ] - 8 - t r i a z o l e s .  However, N .M.R. 
m easu rem en ts  on d e u te r o c h lo r o f o r m  s o l u t i o n s ,  o f  s e v e r a l  
b a s e s ,  do n o t  d i s c o u n t  t h e  a l t e r n a t i v e  l o c a t i o n  o f  th e  
p r o t o n  a t  th e  5 - p o s i t i o n ,  b u t  do d i s c o u n t  th e  p o s s i b i l i t y  
o f  i t s  b e in g  l o c a t e d  a t  p o s i t i o n  7-
3 . 2 .  P r e p a r a t i o n  o f  E th y l  3 - H y d r a z in o - 3 - m e th y lp y r a z o l e -  
4 - c a r b o x y l a t e
I t  i s  known t h a t  c e r t a i n  h e t e r o c y c l i c  h y d r a z in e s
can  be  u s e d  a s  i n t e r m e d i a t e s  i n  th e  p r e p a r a t i o n  o f  more
com plex h e t e r o c y c l i c  s y s te m s .  T hus , f o r  ex am p le ,  2 -
p y r i d y l h y d r a z i n e  c a n  b e  c o n d e n se d  w i th  b e n z a ld e h y d e  and
t h e  r e s u l t i n g  h y d ra z o n e  can  b e  o x i d i s e d  to  fo rm  3- p h e n y l - s -
164t r i a z o l o [ 4 , 3 - a ] p y r i d i n e  . 3 - P y r i d a z i n y l h y d r a z i n e s  can 
be  made t o  r e a c t  w i th  e i t h e r  fo rm ic  a c i d  o r  e t h y l  o r t h o ­
fo rm a te  t o  g iv e  s ~ t r i a z o l o [ 4 , 3 ”b ] p y r id a z in e ^ ^ ^ o  D e r i v a t i v e s  
o f  t h i s  sy s te m  a l s o  r e s u l t  f rom  c y c l i s a t i o n  o f  t h e  p r o d u c t s  
from  c o n d e n s in g  3 - p y r i d a z i n y l h y d r a z i n e s  w i th  e i t h e r  
a ld e h y d e s  o r  a c i d  c h l o r i d e s ^ ^ ^ .
I t  was c o n s id e r e d  p o s s i b l e  t h a t  s i m i l a r  c h e m is t r y  
c o u ld  l e a d  to  t h e  d e s i r e d  I H - p y r a z o l o [ 3 , 2 - c ] - 8 - t r i a z o l e s , 
T h u s , a key  i n t e r m e d i a t e  r e q u i r e d  f o r  t h i s  s tu d y  was a
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^-pyrazolylbydrazine »
One of these has been prepared, as its hydro­
chloride, by a method described in the literature^^*^, 
involving the condensation of thiocarbohydrazide with 
ethyl 2-chloroacetoacetate in the presence of hydrochloric 
acid, according to scheme 5» It proved difficult to 
obtain the p^'razolylhydrazine hydrochloride free from ele­
mental sulphior, using the described method, so modifi­
cations to that procedure were necessary to obtain the 
pure product which resulted in 23% yield.
Scheme 5
The S y n t h e s i s  o f  4 - E t h o x y c a r b o n y l - 3 - m e t h y l - 5 - p y r a z o ly l  
h y d ra z in iu m  C h lo r id e
E g m H G S m m g  + CH^COCHCOgCgH^
HC^
- 8
CgHrOgC
H^C
H.
N NH
'mNHgHC/f
OOgCgHr
3.3. Preparation of Ethyl IH-Pyrazolo[3^2-c]-s-triazole-7' 
carboxylates
T re a tm e n t  o f  t h e  above  p y r a z o l e h y d r a z in e  h y d ro ­
c h l o r i d e  i n  h o t  m e th a n o l i c  s o l u t i o n  w i th  t r i e t h y l a m i n e  
a f f o r d e d  th e  f r e e  b a s e  (1 0 8 )  i n  h ig h  y i e l d .  When t h i s  was
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c o n d en sed  w i th  g - t o l n a l d e h y d e  i n  b o i l i n g  b e n z e n e  and  t h e  
w a te r  fo rm ed  was s lo w ly  rem oved by d i s t i l l a t i o n ?  t h e  
c o r r e s p o n d in g  h y d ra z o n e  (1 0 9 ;  r e s u l t e d  i n
good y i e l d  ( e q u a t i o n  1 1 ) o
N NH N— NH+ OHCY   ► II I + HgO E q . ( l l )
H^C' y  NHNHg H_0^ y "  ^NHN=CHY
COgCgH^ COgOgHr
(1 0 8 )  (1 0 9 )
L ik e w is e ,  t h e  h y d ra z o n e s  (1 0 9 ; Y = p h e n y l , p - t o l y l ,  
m e s i t y l ,  p - c h l o r o p h e n y l ,  p - c h l o r o p h e n y l ? 2 , 6 - d i c h l o r o -  
p h e n y l ,  o - f l u o r o p h e n y l , p - f l u o r o p h e n y l , p - n i t r o p h e n y l ?  p -  
n i t r o p h e n y l  and h e x y l )  w ere p r e p a r e d  from  t h e  h y d r a z in e
(1 0 8 )  and  t h e  a p p r o p r i a t e  a ld e h y d e s .
The h y d ra z o n e s  (1 0 9 ;  Y =phenyl)  and  (1 0 9 ;  Y= 
p - n i t r o p h e n y l ) c o u l d  also be  p r e p a r e d  from  th e  c o n d e n s a t io n  
o f  t h e  r e s p e c t i v e  a ld e h y d e s  and  t h e  p y r a z o l e h y d r a z in e  
h y d r o c h lo r id e ^ ^ ^ o
The h y d ra z o n e  (1 0 9 ;  Y = p ~ to ly l )  was c o n v e r t e d ,  
b y  o x i d a t i v e  c y c l i s a t i o n ?  i n t o  t h e  c o r r e s p o n d in g  e t h y l  
l H - p y r a z o l o [ $ ? 2 - G ] - 8 - t r i a z o l e - 7 - c a r b o x y l a t e ?  (1 1 0 ;  Y=p- 
t o l y l ) ?  by t r e a t i n g  i t  i n  a c e t i c  a c i d  w i th  b ro m in e  i n  t h e  
p r e s e n c e  o f  sodium  a c e t a t e .  The p r o d u c t  was i s o l a t e d  on 
d i l u t i o n  o f  t h e  a c e t i c  a c i d  s o l u t i o n  w ith  w a te r .
CpH^OoO> H
— ------- ». + 2NaBr E q . ( l 2 )
NHN=CHY NaOgOCH, ^ ____](f____11
HOgCOH, Y
(1 0 9 )  (1 1 0 )
S i m i l a r l y ?  t h e  h y d ra z o n e s  (1 0 9 ;  Y = p h en y l? p -
t o l y l ?  m e s i t y l ?  p - c h lo r o p h e n y l?  p - c h l o r o p h e n y l , 2 , 6 -
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d i c h l o r o p h e n y l ? o - f l u o r o p h e n y l , p - f l u o r o p h e n y l , p - n i t r o ­
p h e n y l ,  p - n i t r o p h e n y l  and  h e x y l )  were c o n v e r t e d  i n t o  th e  
c o r r e s p o n d in g  e t h y l  l H - p y r a z o l o [ $ , 2 - c ] - 8 - t r i a z o l e - 7 -  
c a r h o x y l a t e s , (1 1 0 ;  Y = pheny l, p - t o l y l , m e s i t y l ,  p -  
c h l o r o p h e n y l , p - c h l o r o p h e n y l ,  2 , 6 - d i c h l o r o p h e n y l , p -  
f l u o r o p h e n y l , p - f l u o r o p h e n y l , p - n i t r o p h e n y l ,  p - n i t r o p h e n y l  
and  h e x y l )  ( s e e  e q u a t io n  1 2 ) .
E th y l  3 " h y d r a z i n o - 5 - m e t h y l p y r a z o l e - ^ - c a r h o x y l a t e  
(1 0 8 )  was c a u s e d  t o  r e a c t  w i th  h e p ta n o y l  c h l o r i d e  i n  
p y r i d i n e  t o  g iv e  t h e  c o r r e s p o n d in g  h y d r a z id e  ( i l l ;  Y = h e x y l) ,  
a s  i n  e q u a t io n  1$ .
N NH , p y r i d i n e  N-----NH11 r  + G£GOY -------------► J| j
NHMHg Hj C^^Y^^'^NHWHCOY Eg .  (1 5 )
COgCgH^ GOgCgHr
(1 0 8 )  (1 1 1 )
U nder s i m i l a r  c o n d i t i o n s , e t h y l  3 - h y d r a z i n o - 5 -  
m e t h y l p y r a z o l e - 4 - c a r b o x y l a t e  was a l lo w e d  t o  r e a c t  w i th  o -  
t o l u o y l  c h l o r i d e  t o  o b t a i n  t h e  c o r r e s p o n d in g  h y d r a z id e  
( i l l ;  Y = q - t o l y l ) .
These  h y d r a z i d e s  (1 1 1 ;  Y=hexyl and p - t o l y l )  
were c o n v e r t e d  i n t o  t h e  c o r r e s p o n d in g  e t h y l  IH -p y r a z o lo  
[ 3 , 2 - c ] - s - t r i a z o l e - 7 “ C a r b o x y la te s  (1 1 0 ; Y = hexyl)  and 
(1 1 0 ;  Y = p - to ly l )  by t r e a t i n g  e ach  o f  them w i th  p h o sp h o ru s  
o x y c h lo r id e  i n  b o i l i n g  b e n z e n e .  The p r o d u c t s  were 
i s o l a t e d  a f t e r  c o n c e n t r a t i o n  o f  t h e  ben zen e  s o l u t i o n s ,  
t r e a t m e n t  o f  t h e  r e s u l t i n g  gums w i th  w a te r ,  and e x t r a c t i o n  
o f  t h e  p r o d u c t s  i n t o  e t h y l  a c e t a t e .
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5 o4 .  P r e p a r a t i o n  o f  I H - P y r a z o l o [ 3 t 2 - c ] - s - t r i a z o l e - 7 -  
c a r b o x y l i c  A c id s
The h y d r o l y s i s  o f  e t h y l  p y r a z o l e - 4 - c a r b o x y l a t e s  
h a s  b e e n  r e p o r t e d ^ ”® t o  o c c u r  when th e  e s t e r s  a r e  h e a t e d  
i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  T h is  m ethod  h a s  b een  
a p p l i e d  s u c c e s s f u l l y  t o  t h e  e s t e r s  o f  t h i s  s tu d y  i n  o r d e r  
to  p r e p a r e  t h e  c o r r e s p o n d in g  c a r b o x y l i c  a c i d s .  T hus ,  e ach  
o f  t h e  e t h y l  I H -p y r a z o lo  [3 ? 2 - c ] - - s - t r i a z o l e - 7 - c a r b o x y l a t e s  , 
(1 1 0 ;  Y =phenyl, o - t o l y l ,  p - t o l y l ,  m e s i t y l ,  p - c h l o r o p h e n y l ,  
p - c h l o r o p h e n y l ,  2 , 6 - d i c h l o r o p h e n y l , p - f  l u o r o p h e n y l ,  p -  
f l u o r o p h e n y l , p - n i t r o p h e n y l ,  p - n i t r o p h e n y l  and h e x y l )  when 
h e a t e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a t  9 0 -9 5 °  f o r  
t h i r t y  m in u te s  was sm o o th ly  h y d r o ly s e d  t o  th e  c a r b o x y l i c  
a c i d  as  i n  e q u a t i o n  1 5 .  The c o r r e s p o n d in g  a c i d s  (1 1 2 ;
Y =pheny l, p - t o l y l ,  p - t o l y l ,  m e s i t y l ,  p - c h l o r o p h e n y l ,  
p - c h l o r o p h e n y l ,  2 , 6 - d i c h l o r o p h e n y l , p - f l u o r o p h e n y l , 
p - f l u o r o p h e n y l ,  p - n i t r o p h e n y l ,  p - n i t r o p h e n y l  and h e x y l )  
r e s u l te d  when th e  r e s p e c t i v e  c o o le d  s u l p h u r i c  a c i d  s o l u t i o n s  
were d i l u t e d  by b e in g  p o u re d  i n t o  w a te r .
o r
KOH/CH^OH 
when a c i d
IK . E q .(1 5 )
( 110) ( 112)
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B ecause  th e  c a r b o x y l i c  a c i d s  decom posed on 
h e a t i n g ,  t h e  p r o d u c t s  i s o l a t e d  a f t e r  p r e c i p i t a t i o n  from  
w a te r  were washed t h o r o u g h ly  w i th  w a te r ,  d r i e d  and n o t  
p u r i f i e d  f u r t h e r .  T h a t  t h e  p r o d u c t s  were f r e e  o f  t h e  e s t e r  
s t a r t i n g  m a t e r i a l s  was a s s e s s e d  by  c o m p a r iso n  o f  t h e i r  
i n f r a - r e d  s p e c t r a  w i th  t h o s e  o f  th e  s t a r t i n g  m a t e r i a l s .  
I n f r a - r e d  s p e c t r a  o f  some o f  t h e  c a r b o x y l i c  a c i d s  a r e  
i n c l u d e d  u n d e r  s e c t i o n  5»
The e s t e r  (1 1 0 ;  Y =hexyl)  was a l s o  h y d r o ly s e d  
t o  t h e  c o r r e s p o n d in g  a c i d  (1 1 2 ;  Y =hexyl) by h e a t i n g  i t  
w i th  p o ta s s iu m  h y d r o x id e  i n  m e th a n o l  ( e q u a t i o n  1 5 ) .  The 
f r e e  a c i d  was o b t a i n e d ,  a f t e r  c o n c e n t r a t i o n  o f  t h e  r e a c t i o n  
s o l u t i o n ,  by  d i s s o l u t i o n  o f  t h e  r e s u l t i n g  p o ta s s iu m  s a l t  
i n  w a te r  and c a r e f u l  a c i d i f i c a t i o n  o f  th e  c h i l l e d  s o l u t i o n  
w i th  a c e t i c  a c i d .
An a t t e m p t  t o  h y d r o ly s e  e t h y l  5 - o - c h l o r o p h e n y l - 6 -  
m e th y l - lH - p y r a z o lo [ 3  ? 2 - c ] “ S - t r i a z o l e - 7 “- c a r b o x y la t e  i n  
a l k a l i n e  s o l u t i o n  r e s u l t e d  i n  r e c o v e r y  o f  much u n ch an g ed  
s t a r t i n g  m a t e r i a l .
5 .5 "  P r e p a r a t i o n  o f  l H - P y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e s
The I H - p y r a z o l o [3 52 - c ] - s _ - t r i a z o l e - 7 ~ c a r b o x y l i c  
a c i d s  can  be  d e c a r b o x y l a t e d  t o  y i e l d  th e  c o r r e s p o n d in g  
I H - p y r a z o l o [ 3 j 2 - c ] ” S - t r i a z o l e s . A number o f  r e a c t i o n  
c o n d i t i o n s  was i n v e s t i g a t e d  i n  o r d e r  t o  f i n d  a good g e n e r a l  
m ethod  o f  d e c a r b o x y l a t i o n .
The e s t e r s  (1 1 0 ;  Y = p - t o l y l ,  p - c h l o r o p h e n y l  and 
p - f l u o r o p h e n y l )  w ere h e a t e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  
a t  9 0 -9 5 °  f o r  n i n e t y  m i n u t e s ,  ( i n s t e a d  o f  t h i r t y  m in u te s ,  
a s  d e s c r i b e d  p r e v i o u s l y ,  r e q u i r e d  f o r  t h e  h y d r o l y s i s  t o
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t h e  r e s p e c t i v e  a c i d s ) ,  and  i t  was fo u n d  t h a t  t h e  p r o d u c t s ,  
w h ich  were i s o l a t e d  on p o u r in g  th e  c o o le d  s u l p h u r i c  a c i d  
r e a c t i o n  s o l u t i o n s  i n t o  w a te r  w ere n o t  th e  c o r r e s p o n d in g  
c a r b o x y l i c  a c i d s ,  b u t  t h e  r e s p e c t i v e  f r e e  b a s e s  (1 1 3 ;  
Y = p - t o l y l ,  p - c h l o r o p h e n y l  and  p - f l u o r o p h e n y l ) ( e q u a t i o n  16), 
On t h e  o t h e r  h a n d ,  when t h e  e s t e r  (1 1 0 ;  Y = p -c h lo ro p h e n y l)  
was h e a t e d  f o r  th e  same p e r i o d  o f  t im e  i n  s u l p h u r i c  a c i d ,  
t h e  p r o d u c t  w hich  was i s o l a t e d  on p r e c i p i t a t i o n  from  w a te r  
was th e  c o r r e s p o n d in g  c a r b o x y l i c  a c i d  (1 1 2 ;  Y = p -c h lo ro -  
p h e n y l ) .
I n  t h e  c a s e  o f  t h e  e s t e r  (1 1 0 ; Y = 2 ,6 - d i c h lo r o ­
p h e n y l ) ,  u n d e r  s i m i l a r  c o n d i t i o n s  i t  was p o s s i b l e  to  
o b t a i n  a m ix tu r e  o f  b o th  t h e  c o r r e s p o n d in g  a c i d  and  b a se ^ ^ ^
HO^C
1 .  s u l p h u r i c  a c i d   ^^2 ^% "(1^)
Y 2 .  vacuum 
(1 1 2 )  3 .  d im e th y l  a n i l i n e  (1 1 3 )
A t te m p ts  t o  s u b l im e  t h e  c a r b o x y l i c  a c i d  (112 ; 
Y =hexyl)  i n  vacuum r e s u l t e d  i n  i t s  d e c a r b o x y l a t i o n  w i th  
t h e  f o r m a t i o n  o f  t h e  c o r r e s p o n d in g  f r e e  b a s e  ( e q u a t i o n  1 6 ) .  
However, s i n c e  t h e  y i e l d  o f  p u r e  p r o d u c t  was low t h i s  
m ethod  was c o n s id e r e d  u n s a t i s f a c t o r y  f o r  g e n e r a l  a p p l i c a t i o n .  
The a c i d  (1 1 2 ;  Y = p - t o l y l )  was h e a t e d  i n  
d i m e t h y l a n i l i n e  a t  150° when c a rb o n  d io x id e  was e v o lv e d  
( e q u a t i o n  1 6 ) .  The f r e e  b a s e  (1 1 3 ;  Y = p - t o l y l )  was 
p r e c i p i t a t e d ,  a f t e r  c o o l i n g  t h e  d i m e t h y l a n i l i n e  s o l u t i o n ,  
by  d i l u t i o n  w i th  p e t r o le u m  e t h e r .  S in c e  t h e  y i e l d  o f  
p r o d u c t  was h i g h ,  t h e  m ethod  was c o n s e q u e n t ly  a p p l i e d  t o  
o t h e r  c a r b o x y l i c  a c i d s  o f  t h e  s e r i e s .  T hus ,  t h e  a c i d s  
(112 ; Y = p h en y l , p - t o l y l , m e s i t y l , p - c h l o r o p h e n y l ,
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p - c h l o r o p h e n y l  , 2 , 5 - d i c h l o r o p î i e n y l , o - f  l u o r o p h e n y l , p -  
f l u o r o p h e n y l , p - n i t r o p h e n y l  and p - n i t r o p h e n y l )  were 
s i m i l a r l y  t r e a t e d  i n  d i m e t h y l a n i l i n e  to  o b t a i n  th e  
c o r r e s p o n d in g  b a s e s  (1 1 5 ;  Y = pheny l, p - t o l y l ,  m e s i t y l ,  
p - c h l o r o p h e n y l ,  p - c h l o r o p h e n y l ,  2 , 6 - d i c h l o r o p h e n y l , p -  
f l u o r o p h e n y l , p - f l u o r o p h e n y l , p - n i t r o p h e n y l  and  p -  
n i t r o p h e n y l )  i n  good y i e l d s .
The above d e c a r b o x y l a t i o n s  were f o l lo w e d  by 
i n f r a - r e d  s p e c t r o s c o p y .  The i n f r a - r e d  s p e c t r a  o f  a number 
o f  t h e  b a s e s  i s  i n c l u d e d  i n  s e c t i o n  5-
I n  v iew  o f  t h e  low p r o d u c t  y i e l d  i n  t h e  p r e ­
p a r a t i o n  o f  e t h y l  5 - h y d r a z i n o - 5 - m e t h y l p y r a z o l e - 4 - c a r b o x y -  
l a t e  from  t h i o c a r b o h y d r a z i d e  ( s e c t i o n  5 . 2 . ) ,  and t h e  number 
o f  s t a g e s  r e q u i r e d  f o r  t h e  s y n t h e s i s  o f  l H - p y r a z o l o [ 5 , 2 - c ] -  
s - t r i a z o l e s  by  t h e  p r e v i o u s l y  d e s c r i b e d  r o u t e s ,  i t  was 
c o n s id e r e d  t h a t  i t  m ig h t  be  p o s s i b l e  to  e f f e c t  t h e  
p r e p a r a t i o n  o f  one o f  t h e s e  b a s e s ,  i n  one s t a g e  o n l y ,  by 
c o n d e n s a t io n  o f  e i t h e r  c a r b o h y d r a z id e  o r  t h i o c a r b o h y d r a z i d e  
w i th  a p - k e t o e s t e r .  T h e r e f o r e ,  i n  an a t t e m p t  t o  p r e p a r e  
su c h  a b a s e ,  c a r b o h y d r a z id e  (1 1 4 ;  2=0) was h e a t e d  w i th
e t h y l  a c e t o a c e t a t e  i n  e t h a n o l , and  th e  o b t a i n e d  p r o d u c t  
was fo u n d  t o  c o u p le  w i th  o x i d i s e d  2 - a m in o - 5 - d i e th y la m in o -  
t o l u e n e  d e v e lo p e r  t o  g iv e  a  m ag en ta  d y e .  T h is  d y e ,  on 
t r e a t m e n t  w i th  a c i d  was b l e a c h e d ,  u n l i k e  t h e  a z a m e th in e  
d y es  from  I H - p y r a z o l o [ 5 j 2 - c ] - p - t r i a z o l e s  w h ich  become b lu e  
on p r o t o n a t i o n  ( s e e  s e c t i o n  4 ) .  F u r th e r m o r e ,  t h e  dye 
a b s o r p t i o n  c u rv e  h a d  a p e a k  i n  t h e  g r e e n  and  a s e c o n d a ry  
b an d  i n  t h e  b l u e  r e g i o n .  T hese  f a c t s  i n d i c a t e d  t h a t  th e  
p r o d u c t  was a p y r a z o l i n o n e .
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HjKNHCZHHHHg + OEgGOCEgCOgOgHr ------ »  HN------N E q . ( 1 7 )
(1 1 4 )  (1 1 5 )  (1 1 6 )
E le m e n ta l  a n a l y s i s  and  m ixed m e l t i n g  p o i n t  
w i th  an  a u t h e n t i c  sam ple  c o n f i rm e d  t h a t  t h e  p y r a z o l i n o n e  
(1 1 5 )  had  b e e n  o b t a i n e d .
I n  a  l i k e  m an n e r ,  t h i o c a r b o h y d r a z i d e  (1 1 4 ;  2=8)
was co n d en sed  w i t h  e t t y l  a c e t o a c e t a t e  t o  g iv e  t h e  same 
p y r a z o l i n o n e  ( 1 1 5 ) ,
On t h e  o t h e r  h a n d ,  when S - m e t h y l i p o t h i o ­
c a r b o h y d r a z id e  h y d r io d i d e  ( 1 1 7 )» ( p r e p a r e d  by  th e  
a l k y l a t i o n  o f  t h i o c a r b o h y d r a z i d e  w i th  m e th y l  i o d i d e  i n  
e t h a n o l ) ,  was h e a t e d  w i th  e t h y l  a c e t o a c e t a t e ,  a  gummy . 
p r o d u c t  was o b t a i n e d .  H ow ever, t h i s  gum c o u p le d  w i th  
o x i d i s e d  2 - a m in o - ^ - d ie th y l a m i n e t o l u e n e  d e v e lo p e r  t o  g iv e  
a  m ag en ta  d y e .  T h is  became b l u e  on p r o t o n a t i o n ,  
i n d i c a t i n g  t h e  f o r m a t i o n  o f  a  p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e .  
(S ee  s e c t i o n  4 ) .
T h is  s u c c e s s  e n c o u ra g e d  t h e  u s e  o f  e t h y l  
b e n z o y l a c e t a t e  (1 1 8 ;  R=C^H^) u n d e r  t h e  above  e x p e r im e n ta l
c o n d i t i o n s ,  and  t h e  c r y s t a l l i n e  I H - p y r a z o l o [ 3 ,2 -p ] -_ s -  
t r i a z o l e  (1 1 9 ;  R=O^H^) was o b t a i n e d .  An o v e r a l l  s t a t e m e n t
o f  t h e  r e a c t i o n  i s  g iv e n  i n  e q u a t i o n  18 .
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SCH,
2HgmE0=mHgHI + ZGOGHgCOgOpHr
(117) (118)
------ " + H2M H G = m H 2 .2HI Eq.(l8)
N N U (1 2 0 )
SCH,
(1 1 9 )  ^ 2 °  + CgH^OH
As an extension to this work, ethyl p-nitro- 
henzoylacetate was condensed with S-methylisothiocarbo- 
!iy(3razide hydriodide in amyl alcohol to give the IH-pyrazolo 
[5,2-c]-s-triazole (119; X=p-nitrophenyl). Analogously, 
ethyl m-nitrobenzoylacetate gave the base (119; X=m- 
nitrophenyl).
3-Methy1thi o-5-phenyl-IH-pyra zolo[3,2-c]-s-triazole 
(119; X=O^H^) dissolved unchanged in concentrated sulphuric
acid. This, and the fact that other free bases of the 
series are recovered when their solutions in sulphuric 
acid are diluted in water suggests that the IH-pyrazolo 
[3,2-c]-s-triazoles are weak bases. They are soluble in 
strong solutions of alkali in which they can be condensed 
with oxidised 2-amino-5-diethylaminotoluene developer to 
give azamethine dyes. Furthermore, they can be condensed 
with cyanine dye intermediates to form dyes (section 3.7*)• 
Several bases (113; Y=phenyl), (113; Y=p-fluoro­
phenyl) and (119; X=phenyl) have been studied by mass 
spectrometry and their molecular weights thus determined.
The results are included in section 5*
Proton magnetic resonance measurements have been 
made on the bases (113; Y=p-fluorophenyl) and (119; X=phenyl)
7^
and  i n  t h e  f o rm u la  b e lo w  t h e  v a l u e s  r e c o r d e d  a r e  c h e m ic a l  
s h i f t s  ( t v a l u e s  i n  p . p . m . )  d e te rm in e d  w i th  r e s p e c t  t o  
an  i n t e r n a l  s t a n d a r d  t e t r a m e t h y l s i l a n e , on d e u t e r o c h l o r o -  
form  s o l u t i o n s  o f  t h e  r e s p e c t i v e  b a s e s :
4 . 4 2 ( l H , s )  0 . l ( l H , s )H
7 . 5 6 ( 3 H , s )
2 .1 2 ( lH ,m )  t
2 . 6 4 ( 3 H , m W ^  4 .0 5 ( 1 H ,8 )   2 .6 6 (5 H ,m )
fl 1 H 0 . 3 ( l H , s )
2.l2(aH,m> H N ^ S O H ,  7 .2 9 ( 5 H ,s )
3 . 6 .  P r e p a r a t i o n  o f  a  7 - G h l o r o - l H - p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e
3 - M e t h y l t h i o - 6 - p h e n y l - l H - p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e  was t r e a t e d  w i th  s u lp h u r y l  c h l o r i d e  i n  a c e t i c  
a c i d  t o  o b t a i n  a  m o n o c h lo r in a t i o n  p r o d u c t  w h ich  c o u p le d  j
w i th  o x i d i s e d  2 - a m in o - 3 - d i e th y ia m in o to lu e n e  d e v e lo p e r  to  |
g iv e  a  dye w h ich  was i d e n t i c a l  to  t h a t  o b t a i n e d  by j
c o u p l in g  th e  p a r e n t  b a s e  w i th  o x i d i s e d  d e v e l o p e r .  T h is  |
s u g g e s t s  t h a t  t h e  c h l o r i n a t i o n  t a k e s  p l a c e  i n  t h e  7 -  
p o s i t i o n  o f  t h e  p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  sy s te m  ( e q u a t i o n  
1 9 ) .
H H" '''n il ^  "''TÏiLSCH, HOgCCHg SCHj
(1 1 9 )  (1 2 1 )
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5°7u F o rm a t io n  o f  Dyes C o n ta in in g : t h e  F y r a z o lo [ 3  ^ 2 - c ] - s ~  
t r i a z o l e  N u c le u s
The p y r a z o l o [ 3 ? 2 - c ] - ^ - t r i a z o l e  (1 2 2 ;  Z=H,
X =m ethyl, Y = p - t o l y l )  was a l lo w e d  t o  r e a c t  w i th  2 -a m in o -5 -
d i e t h y l a m i n o t o lu e n e  ( 1 2 3 ) i n  an  a l k a l i n e  s o l u t i o n  i n  t h e
p r e s e n c e  o f  p o ta s s iu m  p e r s u l p h a t e  t o  g iv e  t h e  g r e e n
a b s o r b in g  a z a m e th in e  dye (1 2 4 ;  X =m ethyl, Y = p - t o l y l )
a c c o r d in g  t o  e q u a t i o n  20 ,
H
^ r f q  E q . (20 ')
(1 2 2 )  (1 2 3 )  (1 2 4 )
The same dye was fo rm ed  from  th e  c a r b o x y l i c  
a c i d  (1 2 2 ; X = m eth y l, Y = ^ ~ to ly l ,  Z = c a rb o x y l ic  a c i d )  and  
2 -a m in o -5 -& ie th y la m in o to T u e n e ,  u n d e r  s i m i l a r  c o n d i t i o n s ,  
b u t  e v i d e n t l y  w i th  c o n c o m i ta n t  d e c a r b o x y l a t i o n .
L ik e w is e ,  t h e  b a s e  (1 2 2 ;  X =m ethyl,  Y = o -c h lo ro -  
p h e n y l ,  Z=H) and  i t s  c a r b o x y l i c  a c i d  (1 2 2 ;  X =m ethyl, 
Y=0“ C h lo r o p h e n y l , Z = c a rb o x y l ic  a c i d )  b o t h  i n t e r a c t e d  w i th  
2 - a m in o - 5 - d i e th y la m in o to lu e n e  i n  a l k a l i n e  s o l u t i o n  i n  t h e  
p r e s e n c e  o f  p o ta s s iu m  p e r s u l p h a t e  t o  g iv e  t h e  dye (1 2 4 ;  
X = m eth y l, Y = p -c h lo r o p h e n y l ) »
The b a s e  (1 2 2 ;  X = pheny l, Y = m e th y l th io ,  Z=H) 
and i t s  c h l o r i n a t e d  d e r i v a t i v e  (1 2 2 ; X = pheny l,  Y= 
m e t h y l t h i o ,  7 j ~ G £ )  e a c h  co n d e n se d  w i th  2 -am in o -5 ~  
d i e t h y l a m i n o t o lu e n e  i n  a l k a l i n e  s o l u t i o n  i n  t h e  p r e s e n c e  
o f  p o ta s s iu m  p e r s u l p h a t e  t o  fo rm  t h e  dye (1 2 4 ;  X = pheny l,
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Y = m etliy lt l i io )  o A c h l o r i n e  s u b s t i t u e n t  was t h u s  a l s o  
d i s p l a c e d  i n  t h e  s t a r t i n g  m a t e r i a l ,
A s e r i e s  o f  a z a m e th in e  d y es  was p r e p a r e d  from  
t h e  b a s e s  (1 2 2 ;  Z=H, X = m eth y l , Y = pheny l, o - t o l y l , 
m e s i t y l ,  p - c h l o r o p h e n y l ,  2 , 6 - d i c h l o r o p h e n y l ,  o - f l u o r o p h e n y l , 
p - f l u o r o p h e n y l ,  o ~ n i t r o p h e n y l , p - n i t r o p h e n y l  and  h e x y l )  and  
(1 2 2 ;  X = p - n i t r o p h e n y l , Y = m e th y i th io )  by  c o n d e n s in g  them 
w i th  o x i d i s e d  2 - a m in o - 5 ~ d ie th y la m in o to lu e n e  u s i n g  
s i m i l a r  p r o c e d u r e s  to  t h o s e  o u t l i n e d  a b o v e .
The v i s i b l e  l i g h t  a b s o r p t i o n  c h a r a c t e r i s t i c s  
o f  t h e s e  dyes  and  t h e  a n a lo g u e s  d e s c r i b e d  s u b s e q u e n t l y  
a r e  r e p o r t e d  i n  s e c t i o n  5 and  d i s c u s s e d  i n  s e c t i o n  4 .
The p o t e n t i a l i t y  o f  u t i l i s i n g  p y r a z o l o [ $ , 2 - c ] - s -  
t r i a z o l e s  a s  p r e c u r s o r s  f o r  o t h e r  d y es  was i n v e s t i g a t e d  by 
c a u s in g  t h e  b a s e s  to  r e a c t  w i th  a p p r o p r i a t e  r e a g e n t s .
T h u s ,  t h e  y e l l o w - c o l o u r e d  c y a n in e  b a s e s  (1 2 7 ;  
X = m ethy l, Y = p h e n y l ,  n=0) an d  (1 2 7 ;  X = p h en y l,  Y = m e th y l th io ,  
n=0) w ere p r e p a r e d ,  r e s p e c t i v e l y ,  by a l l o w in g  e t h y l  o r t h o ­
fo rm a te  (1 2 5 ;  n=0) t o  r e a c t  w i th  t h e  p y r a z o l o t r i a z o l e s
(1 2 5 ;  X = m ethy l, Y = p h en y l)  a n d  (1 2 5 ;  X = p h en y l,  Y = m e th y l th io )  
i n  a c e t i c  a c i d  ( s e e  e q u a t i o n  2 1 ) ,
H
N C2H^OGH(=CH-CH)^(002H^)2
( 1 2 5 ) (1 2 6 )
 N N
N.
(CH-OH=)^ OH H
Ï
(1 2 7 )
E q . ( 2 1 )
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The v in y lo g o u s  dyes  (127 ; X = m eth y l , Y = p h e n y l , 
n = l )  and  (1 2 7 ;  X = p h e n y l , Y = m e th y l th io , n = l )  were a l s o  
s y n t h e s i s e d ,  r e s p e c t i v e l y ,  by th e  c o n d e n s a t io n  o f  
e t h o x y - 1 , 1 ,3 ” t : r im e th o x y  p ro p a n e  (1 2 6 ; n = l )  w i th  t h e  
p y r a z . o l o t r i a z o l e s  (1 2 5 ;  X =m ethyl,  Y =phenyl) and (1 2 5 ;  
X = pheny l,  Y=methy1 t h i o )  i n  a c e t i c  a c i d  ( e q u a t i o n  2 1 ) .  A 
r e l a t e d  dye (1 2 7 ;  X =m ethyl,  Y = p - f lu o ro p h e n y l )  was 
p r e p a r e d ,  as  i t s  h y d r o c h l o r i d e ,  by a l l o w in g  t h e  b a s e  
(1 2 5 ;  Xssmethyl, Y = p - f lu o ro p h e n y l )  to  r e a c t  w i th  3 - e th o x y -  
1 , 1 j5 - t r im e th o x y p r o p a n e  (1 2 6 ;  n = l )  i n  e t h a n o l  i n  th e  
p r e s e n c e  o f  h y d r o c h l o r i c  a c i d .  The d y es  o b t a i n e d  from  
t h e s e  c o n d e n s a t io n s  a r e  g r e e n  a b s o r b e r s  ( s e e  s e c t i o n s  4 
and  5 ) .
The u n s y m m e tr ic a l  c y a n in e  b a s e s  (1 2 9 ;  X =m ethyl, 
Y =phenyl,  n = l )  and  (1 2 9 ;  X = pheny l,  Y = m e th y l th io , n = l )  
r e s u l t e d ,  r e s p e c t i v e l y ,  f rom  t h e  c o n d e n s a t io n  o f  t h e  b a s e s  
(1 2 5 ;  X = m ethy l,  Y =pheny l)  and  (1 2 5 ; X = p h e n y l , Y«=methyl“  
t h i o )  w i th  2-»2' - a c e t a n i l i d o v i n y l - 3 - e t h y l b e n z o t h i a z o l i u m  
i o d i d e  (1 2 8 ;  n = l )  i n  e t h a n o l ,  i n  t h e  p r e s e n c e  o f  
t r i e t h y l a m i n e  ( e q u a t i o n  2 2 ) .
_  GOOH= N-----H-— •Y
C2H5
(128) (125)
C(=CH-CH)^
N E q . ( 2 2 )
N K----- Y
( 129)
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L ik e w is e ,  t h e  v in y lo g o u s  dyes  (1 2 9 ;  X = m eth y l, 
Y =phenyl, n=2) a n d (129 ; X = p h e n y l , X = m e th y l th io , n=2) 
w ere o b t a i n e d  from  t h e  c o n d e n s a t io n  o f  2 - 4 ' - a c e t a n i l i d o -  
b u t a d i e n y l - 3 - e t h y l b e n z o t h i a z o l i i i D i  i o d i d e  a n d  th e  
r e s p e c t i v e  p y r a z o l o t r i a z o l e  b a s e s  i n  e t h a n o l ,  i n  th e  
p r e s e n c e  o f  t r i e t h y l a m i n e .  The fo rm e r  dye was i s o l a t e d  
a s  i t s  h y d r i o d i d e ,  w h e re a s  t h e  o t h e r  was o b t a i n e d  a s  t h e  
f r e e  b a s e .
O th e r  u n s y m m e tr ic a l  c y a n in e  b a s e s  were o b t a i n e d  
by c o n d e n s in g  p y r a z o l o [ 3 , 2 - c ] - 8 - t r i a z o l e s  w i t h  1 - e t h y l -
2 , 3 - d i m e t h y l p y r r o l e - 3 - c a r b a l d e h y d e .  T h u s ,  t h e  c y a n in e  
b a s e s  (1 3 1 ;  X = m ethy l,  X=2 - t o l y l )  and (1 3 1 ;  X = pheny l,  
Y = m e th y l th io )  w ere o b t a i n e d ,  a s  t h e i r  h y d r o c h l o r i d e s ,  by  
c o n d e n s in g  t h e  p y r r o l e a l d e h y de (1 3 0 )  w i th  t h e  r e s p e c t i v e  
p y r a z o l o t r i a z o l e s  i n  e t h a n o l  i n  t h e  p r e s e n c e  o f  h y d ro ­
c h l o r i c  a c i d ,  ( e q u a t i o n  2 3 ) ,
HH,0 J y C H ,  ^
^ C H O Y
(1 3 0 )  (1 2 5 )
?2%5
CHHjC
QH
ilN- N
E q . ( 2 3 )
(1 3 1 )
The r e l a t e d  b a s e s (1 3 1 ;  X = £ - n i t r o p h e n y l , Y = m e th y l th io ) and 
(1 3 1 ;  X = m -n i t r o p h e n y l , Y = m e th y l th io )  w ere p r e p a r e d  
a n a l o g o u s ly .  The d y es  w ere i s o l a t e d  by
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p r e c i p i t a t i o n  f rom  a q u eo u s  s o l u t i o n ,  and w ere o b t a i n e d  as  
f r e e  b a s e s .  These  d y es  a r e  b lu e  a b s o r b e r s  ( s e e  s e c t i o n s  
4 and  5 ) ,
The m e ro c y a n in e s  (1 3 3 ;  X = m eth y l, Y = o -c h lo ro -  
p h e n y l ) ,  (1 3 3 ;  X =m ethyl, Y = ^ -c h lo r o p h e n y l ) ,  (1 3 5 ;  X= 
m e th y l ,  Y = 2 ,5 - d i c h lo r p h e n y l )  and (1 3 3 ;  X = pheny l,  Y= 
m e t h y l t h i o )  were p r e p a r e d  by  c o n d e n s in g  l , 3 - d i e t h y l - 3 -  
( 3 - e t h o x y a l l y l i d e n e ) - 2 ^ t h i o b a r b i t u r i c  a c i d  (1 3 2 )  w i th  t h e  
r e s p e c t i v e  p y r a z o l o t r i a z o l e s  i n  e t h a n o l  i n  t h e  p r e s e n c e  
o f  t r i e t h y l a m i n e ,  a s  i n  e q u a t i o n  24 .  These  dyes  a b s o rb  i n  
t h e  g r e e n  r e g i o n  o f  t h e  v i s i b l e  s p e c t ru m .
?2®5 H
CH-CHsCH-OCgHr Y
(1 )2 ) (125)
E q . ( 2 4 )
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3*8 .  C o n c lu s io n
The c o n d e n s a t io n  o f  e t h y l  3 - h y d r a z i n o - 3 - m e t h y l -  
p y r a z o l e - ^ - c a r h o x y l a t e  w i t h  a ld e h y d e s  and a c i d  c h l o r i d e s  
r e s u l t s  i n  t h e  c o r r e s p o n d in g  h y d ra z o n e s  and  h y d r a z i d e s  
w hich  can  be  c y c l i s e d ,  r e s p e c t i v e l y ,  u n d e r  o x i d a t i v e  
and  d e h y d r a t i v e  c o n d i t i o n s , t o  g iv e  e t h y l  I H -p y ra z o lo  
[3 î 2 - c ] - _ s - t r i a z o l e - 7 - c a r b o x y l a t e s . These  e s t e r s  can  be 
h y d r o ly s e d  t o  th e  c o r r e s p o n d in g  a c i d s  w hich ,,  i n  t u r n ,  can 
be d e c a r b o x y l a t e d  t o  g iv e  l H - p y r a z o l o [ 3 , 2 - c ] - 8 - t r i a z o l e s .  
O th e r  d e r i v a t i v e s  o f  t h i s  new h e t e r o c y c l i c  sy s te m  can be  
p r e p a r e d  by  t h e  c o n d e n s a t io n  o f  S - m e th y l i s o t h i o c a r b o -  
h y d r a z id e  h y d r io d i d e  w i th  p - k e t o - e s t e r s .
The c o n d e n s a t io n  o f  l H - p y r a z o l o [ 3 , 2 - o ] - s -  
t r i a z o l e s  w i th  2 - a m i n o - 3 ~ d ie th y la m in o to lu e n e , u n d e r  
o x i d a t i v e  c o n d i t i o n s ,  gave a s e r i e s  o f  a z a m e th in e  d y e s ,  
some o f  w hich  h ave  p o t e n t i a l  u t i l i t y  i n  t h e  m ag en ta  im age 
com ponent o f  c o l o u r  p h o t o g r a p h ic  s y s te m s .  F u r th e r m o r e ,  
t h e s e  b a s e s  can  be  c o n d e n se d  w i th  a p p r o p r i a t e  r e a g e n t s  to  
y i e l d  dyes  r e l a t e d  t o  c y a n in e s  and  some o f  t h e s e  a r e  
u s e f u l  e i t h e r  a s  f i l t e r  o r  s e n s i t i s i n g  d y es  i n  p h o to g r a p h ic  
s y s t e m s ,
The p r e p a r a t i o n  o f  d y es  and i n t e r m e d i a t e s  
c o n t a i n i n g  th e  p y r a z o l o [ 5 j 2 - c ] - s - t r i a z o l e  n u c l e u s ,  and 
t h e i r  u s e s  i n  p h o to g r a p h ic  sy s te m s  a r e  c o v e re d  by  p a t e n t  
a p p l i c a t i o n s ^ ^ ^ .
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4 .  LIGHT ABSORPTION AND MOLECULAR STRUCTURE
4 . 1 .  I n t r o d u c t i o n
The c y a n in e s  and r e l a t e d  dyes  a r e  m o s t ly  
c h a r a c t e r i s e d  hy h a v in g  a s i n g l e  n a r ro w  a b s o r p t i o n  band  
i n  t h e  v i s i b l e  r e g i o n  o f  t h e  e l e c t r o m a g n e t i c  s p e c t ru m .  
However, some a r e  d o u b le - h a n d e d ,  and t h e  r a n g e  o f  compounds 
i s  so v a s t  t h a t  i t  n o t  o n ly  c o v e r s  t h e  e n t i r e  v i s i b l e  
r e g i o n ,  b u t  a l s o  t h e  u l t r a - v i o l e t  and  th e  i n f r a - r e d .
B ecau se  o f  t h e  c o n n e c t io n  b e tw een  th e  s e n s i t i s a t i o n  
and  a b s o r p t i o n  b a n d s ,  t h e  r e l a t i o n s h i p  b e tw e e n  th e  c o l o u r  
and  m o le c u la r  c o n s t i t u t i o n  o f  t h e  c y a n in e s  h a s  b e e n  
s t u d i e d  by c h e m is t s  w o rk in g  i n  t h e  p h o to g r a p h ic  i n d u s t r y .  
F u r th e r m o r e ,  t h e s e  dyes  h ave  p ro v e d  to  be  u n iq u e ly  
i m p o r t a n t  b e c a u s e  i t  i s  p o s s i b l e  to  s tu d y  t h e  r e l a t i o n s h i p  
b e tw een  c o lo u r  and c o n s t i t u t i o n  by v a r y i n g  f a c t o r s  su ch  
a s  t h e  h e t e r o c y c l i c  n u c l e i ,  t h e  l e n g t h  o f  t h e  c o n ju g a te d  
c h a in  j o i n i n g  t h e  n u c l e i ,  t h e  p o s i t i o n s  o f  a t t a c h m e n t  
o f  t h e  c h a in  t o  t h e  h e t e r o c y c l e s  and th e  n a t u r e  o f  th e  
s u b s t i t u e n t s  e i t h e r  i n  th e  n u c l e i  o r  on t h e  c o n ju g a te d  
c h a i n .
T h u s , t h e  c o n n e c t io n  b e tw een  l i g h t  a b s o r p t i o n
and  m o le c u la r  s t r u c t u r e  o f  t h e  c y a n in e s  h a s  b e e n  d i s c u s s e d
i n  g r e a t  d e t a i l  i n  t h e  l i t e r a t u r e .  Some o f  t h i s  work i s
171sum m arised  i n  a r e v ie w  ^ on t h e  c o lo u r  and  c o n s t i t u t i o n
o f  o r g a n ic  dyes  i n  w hich  t h e  r e s u l t s  a r e  t h e o r e t i c a l l y
i n t e r p r e t e d  by t h e  v a le n c e - b o n d  m ethod .  T h is  t h e o r e t i c a l
t r e a t m e n t ,  as  w e l l  a s  t h e  f r e e  e l e c t r o n  m odel and  t h e
m o le c u la r  o r b i t a l  a p p ro a c h  i s  i n c l u d e d  i n  d i s c u s s i o n s
172 176i n  two o t h e r  r e c e n t  r e v ie w s  '  '  '  ,
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4 . 2 .  Dyes C o n ta in in g  th e  P y r a n Q [ 2 ,3 - d ] p y r im id in e  N u c leu s  
The compounds d e r i v e d  from  t h e  c o n d e n s a t io n  o f
1 , 3 - d i a l k y l h a r h i t u r i c  a c i d s  w i th  e t h y l  o r t h o a c e t a t e ,  and 
shown t o  he d e r i v a t i v e s  o f  7 H -p y ra n o [ 2 , 3 - d ] p y r i m id i n e  
(9 4 )  i n  s e c t i o n  2 a r e  h i g h l y  c o lo u r e d .  They a r e  y e l lo w  
dyes  and t h e  p r i n c i p a l  c h a r a c t e r i s t i c  o f  t h e i r  a b s o r p t i o n  
i s  a  d o u b le t  i n  t h e  b l u e  r e g i o n  o f  th e  v i s i b l e  s p e c t ru m .
T hus ,  th e  dyes  (9 4 ;  R=CH^, X =0), (9 4 ;  X=0) and
(9 4 ;  E^GgH^, X=S) have  maxima i n  c h lo ro fo rm  a t  424 and 
442 nm, a t  423 and 444 nm, and  a t  454 and 482 nm, 
r e s p e c t i v e l y .
The r e p l a c e m e n t  o f  an oxygen by a  s u lp h u r  
a u x  o ch rom ic  g roup  i n  many chrom ophores  r e s u l t s  i n  a 
b a th o c h ro m ic  s h i f t  o f  t h e  p e r t i n e n t  a b s o r p t i o n  maxima 
acco m p an ied  w i th  h i g h e r  e x t i n c t i o n  v a l u e s ^ ^ ^ .  The l i g h t  
a b s o r p t i o n s  o f  t h e  d y es  (9 4 ;  X=0) and  (9 4 ;
E^CgH^, X=S) a r e  i n  a g re e m e n t  w i th  t h i s  f a c t ,  (T a b le  2 )  
and  so th e  two dyes  w ould  be e x p e c te d  t o  have  s i m i l a r  f i n e  
s t r u c t u r e s ,
I t  c a n  a l s o  be  s e e n  from  T a b le  2 t h a t  t h e  
a b s o r p t i o n  maxima f o r  t h e  dye (9 4 ;  E^C^H^, X=0) v a r i e s
o n ly  s l i g h t l y  i n  c h a n g in g  from  th e  s o l v e n t  m e th a n o l  to  
t h e  l e s s  p o l a r  s o l v e n t s ,  c h lo ro fo rm  and  c y c lo h e x a n e . 
F u r th e r m o r e ,  t h e  e x t i n c t i o n  v a l u e s  f o r  t h e  s h o r t e r  w a v e le n g th  
b and  f o r  t h i s  dye i n  e a c h  o f  t h e  s o l v e n t s ,  m e th a n o l ,  
c h lo ro fo rm  and  c y c lo h ex an e  a r e  o f  th e  same o r d e r .  On 
t h e  o t h e r  h a n d ,  t h e  e x t i n c t i o n  v a l u e s  o f  t h e  l o n g e r  
w a v e le n g th  b an d  d e c r e a s e  w i t h  t h e  d e c r e a s i n g  p o l a r  c h a r a c t e r  
o f  t h e  s o l v e n t  ( F ig u r e  1 ,  p97 ) .  The dye (9 4 ;  E^GgH^, X=S) 
e x h i b i t s  s i m i l a r  a b s o r p t i o n  p r o p e r t i e s .
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The more l i k e l y  s t r u c t u r e s  c o n t r i b u t i n g  t o  t h e  
r e s o n a n c e  h y b r id  o f  s im p le  dyes  c o n t a i n i n g  th e  p y ra n o  
[ 2 53 - h ] p y r i m id i n e  n u c l e u s  a r e  r e p r e s e n t e d  by f o rm u la e  (94a)-  
(9 4 g )  below ;
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C o n s i d e r a t i o n  o f  t h i s  s y s te m ,  q u a l i t a t i v e l y ,  
s u g g e s t s  t h e  v iew  t h a t  t h e  two a b s o r p t i o n  b an d s  i n  t h e  
v i s i b l e  r e g i o n  shown by t h e s e  dyes  can  be r e g a r d e d  a s  x 
and  y  b a n d s .  I t  can  b e  a rg u e d  t h a t  t h e  v i s i b l e  a b s o r p t i o n  
o f  t h e s e  dyes  i s  a s s o c i a t e d  w i th  r e s o n a n c e  among s t r u c t u r e s  
f a l l i n g  i n t o  two g ro u p s  v i z .  9 4 a ,  c ,  e and g ,  on t h e  
one h an d ,  and  94b , d and  f , on th e  o t h e r .  The s t r u c t u r e s  
o f  t h e  l a t t e r  g ro u p  a r e  c h a r a c t e r i s e d  by t h e  c h a rg e  
s e p a r a t i o n  o c c u r r i n g  a lo n g  th e  c o n ju g a te d  sy s te m  b e tw e e n  
th e  e l e c t r o n - a t t r a c t i n g  c a r b o n y l  g ro u p s  o f  t h e  b a r b i t u r i c  
a c i d  r e s i d u e  and  t h e  e l e c t r o n - d o n a t i n g  c e n t r e s  o f  t h e  
p y r a n o [2 ,5 -d ] p y r im id in e  n u c l e u s .  The a c c u m u la t io n  o f  
p o s i t i v e  c h a rg e  on t h e  oxygen and  n i t r o g e n  atom s o f  th e  
p y r a n o [ 2 , 5 - d ] p y r i m i d i n e  n u c l e u s  p r o b a b ly  r e q u i r e s  d i f f e r e n t  
am ounts o f  e n e rg y ,  so  e x c i t a t i o n  w ould l e a d  t o  two s p e c t r a l  
b an d s  a r i s i n g  f rom  t h e  e l e c t r i c  moment v e c t o r s  c o r r e s p o n d in g  
t o  t h e  e l e c t r o n i c  o s c i l l a t i o n s :  [9 4 a ,  c ,  e and  g ——► 94d
and  f  ( p o s i t i v e  c h a rg e  on oxygen a to m )]  and  [ 9 4 a ,  c ,  e 
and  g —....» 94b ( p o s i t i v e  c h a rg e  on n i t r o g e n  a to m ) ] .
Many m e ro c y a n in e s  show l a r g e  d e v i a t i o n s .  T h is  
i s  b e c a u s e  th e  c h a r g e - s e p a r a t e d  s t r u c t u r e  i s  n o r m a l ly  
much t h e  l e s s  s t a b l e ,  s i n c e  i t s  f o r m a t io n  i n v o l v e s  an  
u n f a v o u r a b le  s e p a r a t i o n  o f  c h a r g e .  An i n c r e a s e  i n  t h e  
d i e l e c t r i c  c o n s t a n t  o f  t h e  s o l v e n t  s h o u ld  i n c r e a s e  th e  
s o l v a t i o n  e n e rg y  o f  t h e  c h a rg e  - s e p a r a t e d  s t r u c t u r e  much 
m ore th a n  t h a t  o f  th e  n e u t r a l  m o le c u le .  T h e r e f o r e ,  where 
t h e  c h a r g e - s e p a r a t e d  fo rm  i s  t h e  l e s s  s t a b l e ,  i n c r e a s e  
i n  d i e l e c t r i c  c o n s t a n t  o f  t h e  s o l v e n t  s h o u ld  r e d u c e  t h e  
e n e rg y  d i f f e r e n c e  b e tw e e n  th e  two c l a s s i c a l  s t r u c t u r e s .
The a b s o r p t i o n  o f  su c h  a dye i s ,  t h e r e f o r e ,  s e n s i t i v e  
to  t h e  s o l v e n t  and  a  b a th o c h ro m ic  s h i f t  i s  o b s e rv e d
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w ith  i n c r e a s e  i n  d i e l e c t r i c  c o n s t a n t  o f  th e  s o l v e n t .  T h is  
e f f e c t  i s  o b s e rv e d  w i th  m o st m e ro c y a n in e s .
As w e l l  a s  e x p l a i n i n g  t h e s e  s o l v e n t  e f f e c t s ,
174F o r s t e r  • h a s  commented t h a t  m e ro c y a n in e s  m ig h t
t h e o r e t i c a l l y  e x i s t  i n  w h ich  t h e  c h a r g e - s e p a r a t e d  s t r u c t u r e
i s  t h e  more s t a b l e .  Such  compounds s h o u ld  show a r e v e r s e
s o l v e n t  e f f e c t  t o  t h o s e  i n  w hich  th e  n e u t r a l  s t r u c t u r e  i s
more s t a b l e ,  v i z .  t h e  a b s o r p t i o n  moves h y p o s o c h ro m ic a l ly
a s  th e  s o l v e n t  i n c r e a s e s  i n  p o l a r i t y ,  B ro o k e r  and c o -
w o rk e rs  h ave  p r e p a r e d  m e ro c y a n in e s  o f  t h i s  t y p e ^ ^ .
F u r th e r m o r e ,  a  s tu d y  o f  t h e  l i g h t  a b s o r p t i o n  p r o p e r t i e s
o f  t h e  anhydronium  b a s e s  o f  p - h y d r o x y s t y r y l  d y es  i n  s o l v e n t
m ix tu r e s  h a s  shown t h a t  i n  some c a s e s  t h e  u n c h a rg e d
s t r u c t u r e  becom es i n c r e a s i n g l y  dom inan t a s  th e  p o l a r i t y
o f  th e  s o l v e n t  m ix tu r e  d e c r e a s e s  w h i le  th e  c h a rg e d  s t r u c t u r e
becomes i n c r e a s i n g l y  d o m in an t w i th  an  i n c r e a s e  i n  p o l a r i t y  
178o f  t h e  s o l v e n t  • - .
F o r  t h e  p y r a n o [ 2 , 3 - d ] p y r im id in e  d y e s ,  i t  i s  
s e e n  from  T a b le  2 t h a t  on c h a n g in g  t h e  s o l v e n t  from  
m e th a n o l  t o  c y c lo h ex an e  t h e  f o l lo w in g  s h i f t s  i n  a b s o r p t i o n  
maxima a r e  o b s e rv e d ;
S h o r t  w a v e le n g th  Long w a v e le n g th  
b and  b an d
Dye (9 4 ;  X=0) 1 nm b a th o c h ro m ic  1 nm b a th o c h ro m ic
Dye (9 4 ;  2= 0^5^ , X=S) 2 nm " ? nm "
T h u s , t h e s e  d y es  a r e  s e e n  t o  b e  r e l a t i v e l y  i n s e n s i t i v e  t o  
s o l v e n t  ch a n g e .  T h is  b e h a v io u r  i s  c h a r a c t e r i s t i c  o f  t h a t  
o f  a m o d e r a te ly  p o l a r  m e ro c y a n in e  composed o f  a s t r o n g l y  
a c i d i c  n u c le u s  and  a  w eak ly  b a s i c  n u c l e u s ^ ^ .  To a c c o u n t  
f o r  t h e  higher e x t i n c t i o n  v a l u e s  o f  th e  d y es  i n  m e th a n o l
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t h a n  i n  c y c lo h e x a n e , i t  i s  s u g g e s te d  t h a t  t h e  c o n t r i b u t i o n  
o f  t h e  c h a r g e - s e p a r a t e d  fo rm s i n c r e a s e s  s l i g h t l y  i n  
m e th a n o l .  An a l t e r n a t i v e  e x p l a n a t i o n  i s  t h a t  n e u t r a l  and 
c h a r g e - s e p a r a t e d  fo rm s  h ap p en  t o  have  v i r t u a l l y  th e  same 
w a v e le n g th  of a b s o r p t i o n ,  b u t  d i f f e r i n g  i n t e n s i t i e s .  I n  
t h i s  c a s e  o n ly  t h e  i n t e n s i t i e s  w ould be a p p r e c i a b l y  
s o l v e n t - d e p e n d e n t .
T h a t t h e  dyes  (9 4 )  a r e  d e c o l o r i s e d  on t r e a t m e n t  
w i th  a l k a l i ,  c a n  b e  a c c o u n te d  f o r  by t h e  f o r m a t i o n  o f  
t h e  c o r r e s p o n d in g  c a r b i n o l  b a s e s .  T h is  r e s u l t s  i n  th e  
rem o v a l  o f  c o n j u g a t i o n  w i t h i n  t h e  m o le c u le  so t h a t  th e  
a b s o r p t i o n  i s  no l o n g e r  i n  t h e  v i s i b l e .
The b ro m in a te d  dyes  (1 0 1 ; R=OH^, X=0, T=H,
Z=B r), Amax i n  m e th a n o l  440 nm and (1 0 1 ; R=CH^, X=0,
Y=Z=Br), Amax i n  p y r i d i n e  444nm and t h e  s u lp h o n a te d  dye 
(1 0 1 ; R=CH^, X=0, Ys=H, Z=SO^H), Amax i n  w a te r  a t  457 am 
have  s i m i l a r  a b s o r p t i o n  p r o p e r t i e s  t o  t h e  p a r e n t  dye 
(9 4 ;  R=GH^, X=0) (T a b le  2 ) .
The t r i n u c l e a r  dyes  c o n t a i n i n g  th e  p y r a n o [ 2 ,5 - d ]  
pyrim id ine  n u c le u s  ( 1 0 3 ) have  h ig h  e x t i n c t i o n  v a l u e s  
(T a b le  2 )  im p ly in g  p l a n a r  r e s o n a n c e  s y s te m s ,  and  t h e s e  
complex dyes  a r e  c h a r a c t e r i s e d  by h a v in g  two a b s o r p t i o n  
b an d s  i n  t h e  v i s i b l e  s p e c t ru m ,  t h e  m ain  b and  b e in g  t h a t  
a t  l o n g e r  w a v e le n g th .  These  b ands  can  be  r e g a r d e d  as  
b e in g  a s s o c i a t e d  with e x c i t a t i o n s  o f  r e s o n a n c e  fo rm s i n  
w hich  a n e t  p o s i t i v e  c h a rg e  r e s i d e s  e i t h e r  on t h e  p y ra n o  
[ 2 , 3 - d ] p y r i m id i n e  n u c le u s  (y  b an d )  o r  on t h e  o t h e r  
h e t e r o c y c l i c  n u c le u s  (x  b a n d ) .
From T a b le  2 ,  i t  can  be  s e e n  t h a t  t h e  p e a k  
a b s o r p t i o n s  o f  th e  dyes  (1 0 3 )  a r e  d i s p l a c e d  b a t h o c h r o m ic a l ly
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w ith  a d e c r e a s e  i n  t h e  p o l a r  c h a r a c t e r  o f  t h e  s o l v e n t .
These  d i s p l a c e m e n ts  o f  Tonax a r e  accom pan ied  w i th  
i n c r e a s e s  i n  e x t i n c t i o n  v a l u e s .  These f a c t s  s u g g e s t  
t h a t  th e  dyes  a r e  a p p r e c i a b l y  m esom eric  and  p r o b a b ly  
e x i s t  p r e d o m in a n t ly  i n  t h e  c h a r g e - s e p a r a t e d  fo rm .
The f a c t  t h a t  t h e  r e p la c e m e n t  o f  an  oxygen 
by a s u lp h u r  a u x  o ch ro m ic  g roup  i n  many chrom ophores  
r e s u l t s  i n  a b a th o c h ro m ic  s h i f t  o f  th e  p e r t i n e n t  a b s o r p t i o n  
maxima accom pan ied  w i th  h ig h er  e x t i n c t i o n  v a l u e s  h a s  
a l r e a d y  b e e n  r e f e r r e d  t o  i n  t h e  c a s e  o f  t h e  s im p le  dyes  
c o n t a i n i n g  t h e  p y r a n o [ 2 ,3 - d ] p y r i m i d i n e  n u c l e u s . F u r t h e r  
exam ples  o f  t h i s  p r i n c i p l e  a r e  p r o v id e d  by t h e  dyes 
(1 0 5 ;  X=S, Y=atoms to  c o m p le te  a l , 2 - d i h y d r o - l - e t h y l - 2 -  
q u i n o l i n y l i d e n e  r e s i d u e  n - 0 )  and  (1 0 3 ;  X=S, T=atoms to  
co m p le te  a  5 - e t h y i - 2 - b e n z o t h i a z o l i n y l i d e n e  r e s i d u e , n = 0 ^whose 
l i g h t  a b s o r p t i o n  maxima a r e  b a t h o c h r o m ic a l ly  d i s p l a c e d  
and  have  h i g h e r  e x t i n c t i o n  v a l u e s  t h a n  t h o s e  o f  t h e  
c o r r e s p o n d in g  oxygen a n a lo g u e s .  (See  T a b le  2 ) ,
The c y a n in e s  and  r e l a t e d  d y es  may, i n  g e n e r a l ,  
be  o b t a i n e d  i n  a  v in y lo g o u s  s e r i e s  i n  w h ich  t h e  members 
d i f f e r  s t r u c t u r a l l y  one from  a n o t h e r  by t h e  number o f  
v i n y l e n e  g ro u p s  i n  t h e  c o n ju g a t e d  c h a in  c o n n e c t in g  th e  
n u c l e i .  The d e e p e n in g  i n  c o l o u r ,  (85' nm) , on e x te n d in g  
th e  c h a in  l e n g t h  o f  dye (1 0 5 ;  X=0, Y=atoms t o  co m p le te
a 5 - e t h y l - 2 - b e n z o x a z o l i n y l i d e n e  , n=2 ) com pared w i t h  dye
(1 0 5 ;  X=0, Y=atoms t o  c o m p le te  a  5 - c th y l - 2 - b e n z o x a _
z o l i n y l i d e n . e , n = l )  c an  b e  a c c o u n te d  f o r  i n  a  q u a l i t a t i v e  
way by  th e  v a l e n c e —bond m eth o d .  T hus ,  t h e  i n c r e a s e  i n  
c h a i n  l e n g t h  i n v o l v e s  c o m p a r a t i v e ly  an  i n c r e a s e  i n  t h e
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number o f  c o n t r i b u t i n g  r e s o n a n c e  s t r u c t u r e ' s  and  t h e r e f o r e  
an  i n c r e a s e  i n  t h e  number o f  i n t e r a c t i o n s  t h a t  m ust t a k e  
p l a c e  b e f o r e  t h e  e x tre m e  s t r u c t u r e s  ca n  i n t e r a c t  w i th  
e a c h  o t h e r .  C o n s e q u e n t ly ,  t h e  f i n a l  s p l i t t i n g  o f  t h e  
e n e rg y  l e v e l s  o f  t h e  e x tre m e  s t r u c t u r e s  i n t o  th e  l e v e l s  
o f  t h e  g ro u n d  and  e x c i t e d  s t a t e s  w i l l  be l e s s e n e d ,  and 
t h e  c h a r a c t e r i s t i c  f r e q u e n c y  a b s o rb e d  by t h e  dye w i l l  be 
lo w e r ,  i . e .  a t  l o n g e r  w a v e le n g th s .
C om parison  o f  t h e  com plex dyes  (1 0 3 ;  X=0, Y=atoms
to  c o m p le te  a  3 - e t h y l - 2 - b e n z o t h i a z o l i n y l i d e n e  r e s i d u e ,  
n= 0 , Xmax i n  p y r i d i n e  530 nm) and (1 0 5 ;  X=8 , Y=atoms t o
co m p le te  a  5 - e t h y l - 2 - b e n z o t h i a z o l i n y l i d e n e  r e s i d u e ,  n=0 ,
Xmax i n  p y r i d i n e  548 nm) ( s e e  T a b le  2 )  w i th  t h e  s im p le  
t e t r a m e th in m e r o c y a n in e s  (1 5 4 ;  X=0, Xmax i n  p y r i d i n e  580 nm)
and (1 5 4 ;  X=S, Xmax i n  p y r i d i n e  604 n m )( s e e T a b le  3 )  r e v e a l s  
t h a t  t h e  a b s o r p t i o n  maxima a r e  h y p o s o c h ro m ic a l ly  d i s p l a c e d  
by  50  and 58 nm, r e s p e c t i v e l y ,  p re su m a b ly  b e c a u s e  o f  t h e  
e l e c t r o n - d o n a t i n g  p r o p e r t i e s  o f  t h e  p y r a n o [ 2 , 5 - d ] p y r i m i d i n e  
n u c l e u s .
The a b s o r p t i o n  o f  t h e  p y r i d o [ 2 ,5 - d ] p y r i m i d i n e  
( 9 7 ) Î Xmax i n  c h lo ro fo rm  594 nm (T a b le  5 )  Ds h y p s o c h r o m ic a l ly  
d i s p l a c e d  com pared w i th  t h a t  o f  t h e  c o r r e s p o n d in g  p y ra n o  
[ 2 , 3 - d ] p y r im id in e  (9 4 ;  E=CH^, X =0), Xmax i n  c h lo ro fo rm  
4T2 nm (T a b le  2 ) ,  T h is  i s  p re su m a b ly  due to  t h e  g r e a t e r  
b a s i c i t y  o r  e l e c t r o n - d o n a t i n g  c a p a c i t y  of th e  n i t r o g e n  
atom o f  t h e  p y r i d o [ 2 , 3 - d ] p y r i m id i n e  o v e r  t h a t  o f  th e  
oxygen atom o f  t h e  p y r a n o [ 2 , 5 - d ] p y r i m i d i n e , T h is  c a s e  
p a r a l l e l s  t h a t  o f  a c r i d i n e  o ra n g e  (Xmax 491 nm) i n  
co m p a r iso n  w i th  p y r o n in e  G- (Xmax 547 nm)^*^^.
The enam ines  (9 8 ;  X=0, R=CH^, R '=C2H^, Y=H),
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(1 0 0 ;  X=0, R ' = C Æ ,  Y=COGH^) and  (1 0 0 ;  X=0,
R=CH^, R'=OgHc, Y=OOCH^) h av e  s i m i l a r  a b s o r p t i o n  
p r o p e r t i e s  ( s e e  T a b le  5 ) ,  The r e l a t e d  compound (1 0 0 ;
X=S, R^R'sCgH^, Y=H) h a s ,  i n  c o m p a r iso n ,  b a t h o c h r o m ic a l ly  
d i s p l a c e d  Xmax acco m p an ied  w i th  h i g h e r  e x t i n c t i o n  v a l u e s ,  
t h e  r e s u l t  o f  r e p la c e m e n t  o f  an  oxygen au x o ch ro m ic  group 
by a s u lp h u r  a tom ,
4 . 5 .  Dyes and  I n t e r m e d i a t e s  C o n ta in in g  t h e  R y r a z o l o [ 5 ,2 - c ]  
s - t r i a z o l e  N u c leu s
Most o f  t h e  a z a m e th in e  dyes  (1 2 4 )  t h a t  have  
b e e n  p r e p a r e d  from  p y r a z o l o [ 5 , 2 - c ] - s - t r i a z o l e s  by  
o x i d a t i v e  c o n d e n s a t io n  w i th  2-aminO“ 5“ ^ . i e th y l a m ih o to lu e n e  
and d e s c r i b e d  i n  s e c t i o n  5 a r e  g r e e n  a b s o r b in g  d y e s .
T h a t  some a r e  p o t e n t i a l l y  o f  i n t e r e s t  f o r  u s e  a s  m agen ta  
image dyes  i n  c o l o u r  p h o to g r a p h ic  sy s te m s  i s  i l l u s t r a t e d  
i n  F ig u r e  2 ( p .  98 ) i n  w h ich  t h e  a b s o r p t i o n  c u rv e  o f  a  
p y r a z o l o [ 5 , 2 - c ] - s - t r i a z o l e  dye i s  com pared w i t h  t h a t  o f  
a  c o n v e n t io n a l  p y r a z o l i n o n e  d y e .  From t h e  f i g u r e  i t  w i l l  
be  s e e n  t h a t  t h e  a b s o r p t i o n  b and  o f  t h e  p y r a z o l o [ 5 , 2 - c ] - 8-  
t r i a z o l e  dye u n d e r c u t s  t h a t  o f  t h e  p y r a z o l i n o n e  dye on 
b o th  th e  b lu e  and r e d  s i d e s  o f  t h e  a b s o r p t i o n  b and  show ing 
i t  t o  be s p e c t r a l l y  s u p e r i o r .
The a b s o r p t i o n  p r o p e r t i e s  o f  a  s e r i e s  o f  a z a ­
m e th in e  dyes  c o n t a i n i n g  t h e  p y r a z o l o [ 3 »2 - c ] - s - t r i a z o l e  
n u c l e u s ,  i n  s o l v e n t s  c o v e r in g  a r a n g e  o f  d i e l e c t r i c  
c o n s t a n t s ,  i s  s e t  o u t  i n  T a b le  4 ,
The a b s o r p t i o n  c u r v e s  o f  two d y es  o f  th e  s e r i e s  
a r e  i l l u s t r a t e d  i n  F i g u r e s  3 and  4  (pp . 99 sind 100) 
r e s p e c t i v e l y )  from  w hich  i t  i s  a p p a r e n t  t h a t  th e  dyes  have  
s i n g l e  a b s o r p t i o n  b an d s  i n  e t h y l  a c e t a t e  and i n  m e th a n o l .
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However, i t  i s  s e e n  t h a t  t h e  band  i s  r e s o l v e d  i n t o  a 
d o u b l e t  i n  c y c lo h e x a n e .  T h is  i s  p r o b a b ly  due t o  l e s s  
i n t e r a c t i o n s  b e tw e e n  t h e  a b s o r b in g  dye m o le c u le s  and  
s o l v e n t  i n  c y c lo h exane th a n  i n  t h e  more p o l a r  s o l v e n t s ,  
e t h y l  ace ta te  and m e th a n o l .
I t  i s  to  be n o te d  t h a t  t h e  a b s o r p t i o n  maxima 
o f  t h e s e  dyes  u n d e rg o  m arked  b a th o c h ro m ic  s h i f t s  w i th  
i n c r e a s i n g  d i e l e c t r i c  c o n s t a n t  o f  t h e  s o l v e n t .  T h is  
b e h a v io u r  p a r a l l e l s  t h a t  g e n e r a l l y  o b s e rv e d  w i th  n o n - i o n i c  
d y e s ,  whose r e s o n a n c e  h y b r id s  r e c e i v e  t h e  m a jo r  con­
t r i b u t i o n s  from  u n c h a rg e d  s t r u c t u r e s .  F u r th e r m o r e ,  th e  
e x t i n c t i o n  v a l u e s  f o r  e a c h  dye i n  m e th a n o l  i s  g r e a t e r  
t h a n  t h a t  o b t a i n e d  i n  e t h y l  a c e t a t e  and a l t h o u g h ,  i n  
g e n e r a l ,  t h e  e x t i n c t i o n  v a l u e s  i n  c y c lo h e x a n e , a t  p e a k  
a b s o r p t i o n  o f  e ach  dye i s  g r e a t e r  t h a n  t h a t  o b t a i n e d  i n  
e t h y l  a c e t a t e ,  t h e  t o t a l  a r e a  u n d e r  th e  a b s o r p t i o n  c u rv e  
f o r  each  dye i n  c y c lo h ex an e  i s  l e s s  t h a n  t h a t  f o r  t h e  
dye m easu red  i n  e t h y l  a c e t a t e  ( F ig u r e s  3 and  4 ) ,
The m ost p r o b a b le  c o n t r i b u t i n g  fo rm s  a r e  
r e p r e s e n t e d  by t h e  s t r u c t u r e s  ( 1 2 4 a ) - ( l 2 4 . e ) .
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C o n s i d e r a t i o n  o f  t h i s  sy s te m ,  w hich  i s  
a n a lo g o u s  t o  t h e  c a s e s  o f  o t h e r  n o n - i o n i c  d y e s , su ch  as  
t h e  r e l a t e d  p y r a z o l i n o n e  d y e s , s u g g e s t s  t h a t  t h e  two 
a b s o r p t i o n  b an d s  a r e  x  and  y  b a n d s .
The v i s i b l e  a b s o r p t i o n  o f  t h e s e  dyes  can be  
a s s o c i a t e d  w i th  r e s o n a n c e  among two g ro u p s  o f  s t r u c t u r e s ,
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v iz *  124a and b , on one h a n d ,  and 1 2 4 c ,  d and e ,  on t h e  
o t h e r .  The s t r u c t u r e s  o f  th e  l a t t e r  a r e  c h a r a c t e r i s e d  
by th e  c h a rg e  s e p a r a t i o n  o c c u r r i n g  a lo n g  t h e  c o n ju g a te d  
sy s tem  b e tw e e n  t h e  e l e c t r o n - d o n a t i n g  d ie th y la m in o  g roup  
o f  th e  p -p h e n y le n e d ia m in e  r e s i d u e  and th e  e l e c t r o n -  
a t t r a c t i n g  c e n t r e s  o f  t h e  p y ra z o lo C 3 52 - c ] - s - t r i a z o l e  
s y s te m .  The a c c u m u la t io n  o f  n e g a t i v e  change  on t h e  
n i t r o g e n  a tom s a t  p o s i t i o n s  1 and 5 p r o b a b ly  r e q u i r e s  
d i f f e r e n t  am ounts o f  e n e r g y , and  e x c i t a t i o n  w ould l e a d ,  
a c c o r d in g  to  t h e  L e w is - O a lv in  t h e o r y ,  to  two s p e c t r a l  
b a n d s .  T h is  much o v e r - s i m p l i f i e d  e x p l a n a t i o n  m e re ly  
p r o v id e s  a  q u a l i t a t i v e  b a s i s  f o r  r e l a t i n g  t h e  s t r u c t u r e  
and  e n v i r o n m e n ta l  i n f l u e n c e s  t o  th e  o b s e rv e d  a b s o r p t i o n  
s p e c t r a  o f  t h e s e  d y e s .  To a s s i g n  w i th  c e r t a i n t y  w hich  
e x c i t a t i o n s  a r e  a s s o c i a t e d  w i t h  e ach  b an d  and to  exp»lain 
th e  r e l a t i o n s h i p  b e tw e e n  t h e  e x t i n c t i o n  v a l u e s  w ould  
n e e d  a  more q u a n t i t a t i v e  a p p r o a c h ,  and t h i s  i s  beyond  
t h e  sco p e  o f  t h i s  work»
The a c t i o n  o f  a c i d  on dyes  (1 2 4 ;  X «m ethy l,  
Y = m e s i ty l )  and  (1 2 4 ;  X = m ethy l,  Y ~hexyl)  c a u s e s  a 
b a th o c h ro m ic  s h i f t  i n  Xmax p r o b a b ly  by  f o r m a t i o n  o f  a
c a t i o n i c  s t r u c t u r e  o f  t h e  dye*
From an  i n s p e c t i o n  o f  T a b le  4 ,  i t  c a n  be  s e e n  
t h a t  t h e  a b s o r p t i o n s  o f  t h e  d y es  (1 2 4 ;  X = m eth y l, Y = p h e n y l) ,  
Xmax i n  e t h y l  a c e t a t e  591 nm and  (1 2 4 ; X = m ethy l,  Y= 
p - f l u o r o p h e n y l )  Xmax i n  e t h y l  a c e t a t e  552 nm a r e  
b a t h o c h r o m ic a l ly  d i s p l a c e d  i n  c o m p a r iso n  w i th  t h a t  o f  
dye (1 2 4 ;  X = m eth y l, Y = h e x y l) ,  Xmax i n  e t h y l  a c e t a t e  528 nm. 
T h is  s u g g e s t s  t h a t  t h e  p h e n y l  r e s i d u e  i n  t h e s e  dyes
c o n t r i b u t e s  to  t h e  r e s o n a n c e  system s*  T h is  i s  s u b s t a n t i a t e d
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by t h e  f a c t  t h a t  t h e  d y es  c o n t a i n i n g  e l e c t r o n - w i t h d r a w i n g  
s u b s t i t u e n t s  su c h  a s  a  n i t r o  g roup  i n  t h e  p a r a  p o s i t i o n  
o f  t h e  p h e n y l  r i n g  v i z .  d y es  (1 2 4 ; X ^ m e th y l , Y=p- 
n i t r o p h e n y l ) ,  Xmax i n  e t h y l  a c e t a t e  570 nm and  (1 2 4 ;  
X = p - n i t r o p h e n y l , Y = m e th y l th io ) ,  Xmax i n  e t h y l  a c e t a t e  
587 nm a r e  19  and  25 nm d e e p e r  th a n  t h e  c o r r e s p o n d in g  
dyes  w i th o u t  n i t r o  s u b s t i t u e n t s .  F u r th e r m o r e ,  t h e  p -  
c h lo r o  s u b s t i t u e n t  i n  t h e  p h e n y l  r i n g  o f  th e  dye (1 2 4 ;  
X =m ethyl, Y = p - c h lo r o p h e n y l ) , Xmax i n  e t h y l  a c e t a t e  555 nm 
c a u s e s  a b a th o c h ro m ic  s h i f t  i n  Xmax o f  4 nm i n  c o m p a r iso n  
w i th  t h e  n o n - c h l o r i n a t e d  d y e .  On t h e  o t h e r  h a n d ,  th e  
e l e c t r o n - d o n a t i n g  m e th y l  g ro u p  i n  t h e  p a r a  p o s i t i o n  o f  
t h e  p h e n y l  r i n g  o f  t h e  dye (1 2 4 ;  X = m eth y l, Y = p - t o l y l ) ,  
Xmax i n  e t h y l  a c e t a t e  5'^9 nm c a u s e s  a  h y p so ch ro m ic  
d i s p la c e m e n t  o f  2 nm i n  c o m p a r iso n  w i th  t h e  c o r r e s p o n d in g  
dye c o n t a i n i n g  an  u n s u b s t i t u t e d  p h e n y l  r i n g .
The dyes  w h ich  c a r r y  a  s u b s t i t u e n t  i n  t h e  o r th o  
p o s i t i o n  o f  t h e  p h e n y l  r i n g  v i z .  dyes  (1 2 4 ;  X = m eth y l , 
Y = :o - to ly l ) ,  Xmax i n  e t h y l  a c e t a t e  5^1 nm, (1 2 4 ; X =m ethyl, 
Y = m e s i ty l ) ,  Xmax i n  e t h y l  a c e t a t e  531 nm, (1 2 4 ;  X =m ethyl, 
Y = o - c h lo r o p h e n y l ) , Xmax i n  e t h y l  a c e t a t e  539 nm, (1 2 4 ;  
X =m ethyl, Y = 2 ,6 - d i c h l o r o p h e n y l ) , Xmax i n  e t h y l  a c e t a t e  
556 nm, and  (1 2 4 ;  X = m ethy l, Y = p - n i t r o p h e n y l ) , Xmax i n  
e t h y l  a c e t a t e  537 nm, h av e  a b s o r p t i o n s  w h ich  a r e  h y p s o -  
c h r o m ic a l ly  d i s p l a c e d  i n  co m p a r iso n  w i th  t h e  dye (1 2 4 ; 
X =m ethyl, Y = p h e n y l) ,  Xmax i n  e t h y l  a c e t a t e  551 nm. To 
a c c o u n t  f o r  t h i s ,  i t  i s  s u g g e s t e d  t h a t  t h e  p h e n y l  r i n g  
i n  t h e s e  dyes  i s  t w i s t e d  from  c o - p l a n a r i t y  w i th  th e  
h e t e r o c y c l i c  sy s te m  by  s t e r i c  e f f e c t s .  T h is  can  be 
s u b s t a n t i a t e d  i n  m o l e c u l a r  m odels*
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The s y m m e tr ic a l  c y a n in e  b a s e s  (1 2 7 )  become 
d e e p e r  i n  c o l o u r  when t r e a t e d  w i th  b a s e  (T a b le  4 ) ,  a n d ,  
t h e r e f o r e ,  r e s e m b le  t h e  o x o n o l dyes  i n  fo rm in g  a n i o n i c  
s t r u c t u r e s  i n  th e  p r e s e n c e  o f  b a s e s .  The e f f e c t  o f  
an  a d d i t i o n a l  v i n y l e n e  g roup , i n  dyes  (1 2 7 ;  X = m ethy l, 
Y =phenyl, n = l )  and (1 2 7 ;  X = p h en y l , Y = m e th y l th io , n = l^
com pared w i th  dyes  (1 2 7 ;  X =m ethyl, Y =pheny l,  n=0) and
(1 2 7 ; X = pheny l, Y = m e th y l th io , n=0) i s  to  c a u s e  a b a t h o ­
ch rom ic  s h i f t  o f  a b o u t  100 nm.
L ik e w is e ,  t h e  a d d i t i o n a l  v i n y l e n e  group  i n  t h e  
dyes  (1 2 9 ;  X =m ethyl, Y = pheny l, n=2) and (1 2 9 ;  X = p h e n y l , 
Y = m e th y l th io , n=2) com pared  w i th  dyes  (1 2 9 ;  X =m ethyl, 
Y =phenyl, n = l )  and  (1 2 9 ;  X = pheny l, Y = m e th y l th io , n = l )
c a u s e s  a b a th o c h ro m ic  s h i f t  o f  a b o u t  100 nm.
The p y r r o l e  dyes  (1 3 1 )  a r e  b l u e  a b s o r b e r s  and 
have  s i m i l a r  a b s o r p t i o n  c h a r a c t e r i s t i c s .  The p r e s e n c e  
o f  a  n i t r o  s u b s t i t u e n t  i n  t h e  dyes  (1 3 1 ;  X = p - n i t r o p h e n y l , 
Y = m e th y l th io )  and  (1 3 1 ;  X = m -n i t ro p h e n y l , Y = m e th y l th io )  
c a u s e s  b a th o c h ro m ic  s h i f t s  i n  Xmax o f  14 and  9 nm, 
r e s p e c t i v e l y ,  com pared w i th  t h e  dye w i th o u t  a  n i t r o  
s u b s t i t u e n t .  T h is  s u g g e s t s  t h a t  t h e  p h e n y l  r i n g  i n  
t h e s e  dyes  c o n t r i b u t e s  t o  t h e  r e s o n a n c e  s y s te m .
The a b s o r p t i o n s  o f  t h e  m e ro c y a n in e s  (1 5 3 )  a r e  
s e e n  t o  be i n s e n s i t i v e  t o  t h e  p r e s e n c e  o f  b a s e  (T a b le  4 ) .
I t  i s  p r o b a b le  t h a t  t h e y  e x i s t  i n  s o l u t i o n  w i th  
z w i t t e r i o n i c  s t r u c t u r e s .
Some p o i n t s  o f  i n t e r e s t  a r i s e  from  e x a m in a t io n  
o f  t h e  i n f r a - r e d  s p e c t r a  o f  t h e  p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e s  
T hus , i t  c an  be  s e e n  from  th e  i n f r a - r e d  c u r v e s  
t h a t  th e  e t h y l  l H - p y r a z o l o [ 3 ? 2 - c ] - s - t r i a z o l e s  (1 1 0 )  have
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a b s o r p t i o n  b an d s  a t  1670-1660  cm""  ^ (0=0 s t r e t c h i n g  
f r e q u e n c y  f o r  i n t r a m o l e c u l a r l y  h y d ro g en  bonded  e s t e r s )  
and a t  I I 9O - I I 7O cm” ^ ( 0 -0  s t r e t c h )  w h i le  t h e  c o r r e s p o n d in g  
c a r b o x y l i c  a c i d s  (1 1 2 )  have  a b s o r p t i o n  b an d s  a t  1680-1658  
cm” ^ (0=0 s t r e t c h i n g  f r e q u e n c y )  and a t  1190-1175  cm“ ^
( 0 - 0  s t r e t c h ) .  T hese  f i n d i n g s  a r e  i n  a c c o r d  w i th  th e  
c o v a l e n t  s t r u c t u r e s  a l r e a d y  p ro p o s e d .
The I H - p y r a z o l o [ 3 Î2 - c ] - s - t r i a z o l e s  (1 1 3 )  a r e  
c h a r a c t e r i s e d  by h a v in g  a  g roup  o f  a b s o r p t i o n  ban d s  
b e tw een  3210-2650  cm” ^ ( s t r e t c h i n g  f r e q u e n c i e s  o f  s i n g l e  
bonds  to  h y d r o g e n ) * T hese  i . r ,  s p e c t r a  c a n  b e  u s e d  to  
f o l l o w  th e  c o u r s e  o f  t h e  d e c a r b o x y l a t i o n s  p r e v i o u s l y  
d e s c r i b e d .
From t h e  c u r v e s  i t  can  a l s o  be s e e n  t h a t  th e  
p y r a z o l o [ 3 Î2 - c ] - s - t r i a z o l e s  h ave  a b s o r p t i o n  b an d s  
c h a r a c t e r i s t i c  o f  t h e  p e r t i n e n t  s u b s t i t u e n t s .  T hus , 
t h o s e  compounds c a r r y i n g  a p h e n y l  o r  s u b s t i t u t e d  p h e n y l  
r i n g  g iv e  t h e  0-H o u t  o f  p l a n e  b e n d in g  v i b r a t i o n s .  The 
compounds h a v in g  a p h e n y l  r e s i d u e  have  a b s o r p t i o n  a t  
775 -767  cm” ^ ( f i v e  a d j a c e n t  a r o m a t ic  OH), w h i le  t h o s e  
c a r r y i n g  a p h e n y l  r i n g  s u b s t i t u t e d  i n  t h e  o r th o  p o s i t i o n  
a b s o rb  a t  765 -750  cm” ^ ( f o u r  a d j a c e n t  a r o m a t ic  OH). The 
h e t e r o c y c l i c  compounds c a r r y i n g  a p h e n y l  r e s i d u e  w i th  a 
s u b s t i t u e n t  i n  t h e  m e ta  p o s i t i o n  a b s o rb  a t  810-785  cm” ^ 
( t h r e e  a d j a c e n t  a r o m a t ic  OH), w h ile  t h o s e  h a v in g  a  p h e n y l  
r i n g  s u b s t i t u t e d  i n  t h e  p a r a  p o s i t i o n  h av e  a b s o r p t i o n  a t  
857-820 cm”*“ (tw o a d j a c e n t  a r o m a t ic  OH). Those compounds 
w h ich  c a r r y  a  m e s i t y l  g roup  a b s o rb  a t  850 -  851 cm"”^ (one  
i s o l a t e d  a r o m a t ic  GH),
. I
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L ik e w is e , th e  n i t r o  compounds o f  th e  s e r i e s  show 
c h a r a c t e r i s t i c  a b s o r p t i o n  b an d s  a t  1545-1515  cm ' and  
a t  1365-1330 cm ( a s y m m e t r ic a l  and s y m m e tr ic a l  s t r e t c h i n g  
o f  t h e  N-0 b o n d s ) .
The c h a r a c t e r i s t i c  f r e q u e n c i e s  o f  t h e  v a r i o u s  
f u n c t i o n a l  g ro u p s  r e f e r r e d  to  above a r e  d i s c u s s e d  i n  
t h e  l i t e r a t u r e ^ ^ ^ .
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50
/ /
500 600
W av elen g th  (nm^
650
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FIGURE 4
7-(4-DiethylaminQ-2-inetJbLylphenylimiiio "^-3-m ethylthio-  
6 - p h e n y l - 7 H - p y r a z o l o [ 3 ,2 - c ] - 8 - t r i a z o l e
in  cy c lo h ex a n e
— — in  e t h y l  a c e t a t e  
i n  m ethanol
500 600 650  
W avelength (nm)
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5. TABLES OF SPECTRA
The u l t r a - v i o l e t / v i s i h l e  s p e c t r o s c o p i c  m e a su re ­
m en ts  were made q u a n t i t a t i v e l y  u s in g  an  Unicam SP 800 
i n s t r u m e n t .
I n  t h e  T a b le s ,  a l l  w a v e le n g th s  a r e  i n  n a n o ­
m e t r e s  (nm) and  t h e  f o l l o w i n g  a b b r e v i a t i o n s  have  b e e n  made: 
( s h )  s h o u ld e r .  S o l v e n t s :  ( a )  C h lo ro fo rm ; ( b )  m e th a n o l ;
(c^ cyclohexane; (d) pyridine; (e) water; (f) acetone;
( g )  e t h a n o l ;  ( h )  e t h y l  a c e t a t e .
The infra-red determinations were obtained using 
a Perkin Elmer Model 257 Grafting Infra-red spectro­
photometer. The measurements were made using the potassium 
bromide method.
_ II n  th e  T a b le s ,  a l l  w ave-num bers  a r e  i n  cm"" and
t h e  r e l a t i v e  i n t e n s i t i e s  a r e  g iv e n  by t h e  sym bo ls :
( v s )  -  v e r y  s t r o n g ;  ( s )  -  s t r o n g ;  (m) -  medium;
(w) -  weak; ( b )  -  b r o a d ;  ( s h )  -  s h o u ld e r .
The m ass s p e c t r o m e t r i c  d e t e r m i n a t i o n s  w ere c a r r i e d  
o u t  on an  AEI MS-902 i n s t r u m e n t  o p e r a t i n g  a t  70eV u s i n g  
a d i r e c t  i n s e r t i o n  p r o b e .  The r e s u l t s  a r e  e x p r e s s e d  as  
m /e v a lu e s  and  t h e  r e l a t i v e  i n t e n s i t i e s  a r e  a s  p e r c e n t a g e s  
o f  t h e  b a s e  p e a k .
The p r o t o n  m a g n e t ic  r e s o n a n c e  r e s u l t s  r e p o r t e d  
i n  s e c t i o n s  2 and  5 w ere o b t a i n e d  u s in g  a V a r i a n  HA 100 
s p e c t r o m e t e r .
The f o l l o w i n g  a b b r e v i a t i o n s  h av e  b e e n  made:
( s )  s i n g l e t ;  (d )  d o u b l e t  ; ( t )  t r i p l e t ;  ( q )  q u a r t e t ;
(m) m u l t i p l e t ;  ( J )  c o u p l in g  c o n s t a n t ;  (Hz) H e r tz  (one  
c y c l e  p e r  s e c o n d ^ .
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TABLE 2
Lip;ht A b s o r p t io n  Maxima, i n  V a r io u s  S o lv e n ts »  o f  Dyes 
C o n ta in in g  t h e  P y r a n o [ 2 ,3 - d J p y r i i n i d i n e  N u c le u s
R
,RR
HCYZ
X
S t r u c t u r e s  (9 4 ;  
Y=Z=H) and  (1 0 1 )
R X Y Z S o lv e n t ?gnax max
m e th y l 0 H H ( a ) 44-2 3 2 ,0 0 0
424 51 ,8 0 0
e t h y l 0 H H (b ) 441 3 8 ,0 0 0
420 5 2 ,7 0 0
( a ) 444 5 5 ,3 0 0
423 5 2 ,7 0 0
( c ) 442 2 8 ,4 0 0
421 3 2 ,8 0 0
e t h y l S H H (b ) 47^ 3 6 ,3 0 0
430 4 2 ,3 0 0
( a ) 482 3 4 ,4 0 0
434 , 4 3 ,4 0 0
( c ) 482 4 4 ,0 0 0
432 4 4 ,2 0 0
m e th y l 0 H Br ( b ) 440 1 2 ,2 0 0
m e th y l 0 Br Br (d ) 444 1 0 ,0 0 0
m e th y l 0 H SO^H ( e ) 437 2 1 ,0 0 0
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?2^5
K . . .X
" f structure (103)
X n
. VY=CH (-CH=CH l 0
N u c le u s  Y
0 1 3~ethyl-2-benzoxazolinylidene
0 2 3-ethyl-2-benzoxazolinylidene
0 0 l,2-dihydro-l-etbyl-2~quino- 
linylidene
S 0 l,2-dihydro-l-ethyl-2-quino- 
linylidene
0 0 3-ethyl-2-benzothiazolinylidene
S 0 3~ethyl—2-benzothiazolinylidene
S o lv e n t
(a.)
( f )  
(a.) 
(a) 
(a)
( g )
(d)
(d)
( f )
(d )
( f )
Amax max
622 1 4 0 ,0 0 0
448 3 5 ,2 0 0
612 1 4 3 ,0 0 0
442 3 7 ,6 0 0
707 1 3 9 ,0 0 0
480 2 3 ,3 0 0
700 1 4 0 ,000
475 2 8 ,2 0 0
585 3 9 ,3 0 0
420 2 2 ,8 0 0
550 3 8 ,8 0 0
403 1 7 ,1 0 0
390 6 0 ,3 0 0
432 3 2 ,6 0 0
530 8 1 ,5 0 0
404 3 2 ,3 0 0
323 7 1 ,7 0 0
401 3 3 ,8 0 0
548 9 0 ,0 0 0
426 4 9 ,8 0 0
538 qualitative 
420 qualitative
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GH_ I 3
CH
.NCH.
G^HrN-CH=CH 0
S tr u c tu r e  (1 0 4 )
R S o l v e n t Xmax ^max
H W 531 4 2 ,8 0 0
408 3 0 ,8 0 0
GOGHz3 (cl) 490 3 4 ,4 0 0
370 3 1 ,7 0 0
TABLE 3
L i ^ h t  A b s o r p t io n  Maxima, i n  V a r io u s  S o l v e n t s ,  o f  
M is c e l l a n e o u s  B a r b i t u r i c  A cid  D e r i v a t i v e s
CHj
GH
NGH.
CB.
S t r u c t u r e  (9 7 )
S o lv e n t
( a )
Ajnax
306
"max
394  5 0 ,2 0 0
3 8 2 sh  5 5 ,9 0 0
6,200
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OH^Y
S t r u c t u r e s  (9 8 )  and (1 0 0 )
X R R' Y S o lv e n t Amax ^max
0 m e th y l e t h y l H (b ) 502 2 5 ,9 0 0
246 3 ,1 5 0
225 1 1 ,7 0 0
s e t h y l e t h y l H . (b ) 550 4 1 ,0 0 0
526sh 5 7 ,3 0 0
267 4 ,8 0 0
229 1 3 ,5 0 0
0 e t h y l p h e n y l GOGH.3 (■b) 512 2 8 ,5 0 0
224 1 8 ,7 0 0
0 m e th y l p h e n y l GOGH, ■(b) 510 2 8 ,0 0 0
225 1 9 ,1 0 0
CH-CH=GH-GH=C
C2H5
S t r u c t u r e  (1 5 4 )
X
0
S
S o lv e n t
(d)
(d)
?jnax "max
580 1 6 1 ,0 0 0  
604 1 8 4 ,0 0 0
106
TABLE 4
L iæ h t A b s o r p t io n  Maxima, i n  V a r io u s  S o l v e n t s ,  o f 
Dyes C o n ta in in g  t h e  P y r a z o l o [ 3 , 2 - c ] - s ~ t r i a z o l e  N u c leu s
X
m e th y l
m e th y l
m e th y l
m e th y l
N N
S o lv e n t
p h e n y l
p - t o l y l
o - t o l y l
m e s i t y l
(h)
(h)
( c )
(b )
(b)
(o)
( b )
(b)
(1 2 4 )
Ajnax ^max
365 6 7 ,7 0 0
551 5 9 ,9 0 0
544 7 8 ,3 0 0
318 5 3 ,6 0 0
560 6 4 ,0 0 0
313 5 ,4 0 0
297 3 ,4 0 0
250 1 3 ,1 0 0
549 6 1 ,8 0 0
3 1 8 1 0 ,0 0 0
257 7 ,7 0 0
339 6 8 ,1 0 0
516 4 8 ,7 0 0
310 8 ,5 0 0
554 56 ,7 0 0
541 5 2 ,6 0 0
332 5 9 ,9 0 0
506sh 4 6 ,3 0 0
349 5 2 ,6 0 0
531 5 0 ,1 0 0
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X Y S o lv e n t Amax ^max
m eth y l m e s i t y l ( c l 520 6 2 ,0 0 0
4 9 5 sh 5 9 ,0 0 0
(b )* 578 7 5 ,6 0 0
m e th y l p -  c h i  o r  opheny 1 ( b ) 569 6 8 ,2 0 0
( b ) 555 6 5 ,1 0 0
( c ) 54-8 7 5 ,6 0 0
521 5 1 ,5 0 0
m e th y l p - c h l o r o p h e n y l ( b ) 555 6 0 ,2 0 0
( b ) 559 54-, 600
( c ) 524- 6 0 ,2 0 0
500sh 5 8 ,2 0 0
m e th y l 2 , 6 - d i c h l o r o - (b:' 554- 6 9 ,0 0 0
p h e n y l ( b ) 556 6 2 ,5 0 0
( c ) 522 q u a l i t a t i v e
4-98sh q u a l i t a t i v e
m e th y l p - f l u o r o p h e n y l ( b ) 558 68,4-00
( b ) 54-2 6 1 ,5 0 0
( o ) 527 6 5 ,9 0 0
5 0 0 sh 50,4-00
m e th y l p - f l u o r o p h e n y 1 ( b ) 561 75,4-00
(b ) 552 6 5 ,0 0 0
( c ) 54-1 7 5 ,2 0 0
516 5 1 ,7 0 0
m e th y l p - n i t r o p h e n y 1 (b ) 560 6 8 ,4 0 0
(b ) 557 6 3 ,9 0 0
( c ) 554- q u a l i t a t i v e
5 08sh q u a l i t a t i v e
in  th e  p r e se n c e  o f  d i l u t e  h y d r o c h lo r ic  a c id
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X
m e th y l
m e th y l
p h e n y l
p - n i t r o -
p h e n y l
Y S o lv e n t
p - n i t r  opheny1 (h )
( h )
h e x y l  ( h )
(h )
( c )
m e t h y l t h i o
m e t h y l t h i o
(b)*
(b) 
(h )
( c )
( b )
(b)
Ajnax ^max
577 q u a l i t a t i v e
570  q u a l i t a t i v e
54-1 4-7,800
300 9 ,9 0 0
528 4-6,4-00
515 5 6 ,9 0 0
4-90 3 2 ,3 0 0
570 7 5 ,3 0 0
577 5 8 ,0 0 0
564- 5 3 ,8 0 0
550 6 1 ,7 0 0
525  3 9 ,8 0 0
596 q u a l i t a t i v e
587 q u a l i t a t i v e
S t r u c t u r e  (1 2 7 )
X Y
m e th y l  p h e n y l
n
o
S o lv e n t
(b)
(b )* *
(d)
(a)**
Xmax
457
4-75
4-84-
4-83
4-84-
max
2 0 ,4 0 0
1 9 ,7 0 0
4 3 .0 0 0
4 4 ,8 0 0
4 6 .0 0 0
* i n  th e  p r e s e n c e  o f  d i l u t e  h y d r o c h l o r i c  a c i d
* * in  t h e  p r e s e n c e  o f  t r i e t h y lam in e
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X I  n S o lv e n t \max ^max
p h e n y l m e t h y l t h i o  o (h ) 470 5 0 ,0 0 0
(h )* * 491 4 2 ,6 0 0
(d ) 485 5 9 ,0 0 0
m e th y l p h e n y l  1 (b ) 510 5 8 ,4 0 0
540 5 9 ,5 0 0
(b )* * 585 1 1 0 ,0 0 0
544sh 4 6 ,6 0 0
p h e n y l m e t h y l t h i o  1 (b ) 520 5 7 ,0 0 0
550 4 0 ,0 0 0
(b )* * 592 9 6 ,0 0 0
550sh 5 6 ,0 0 0
m e th y l p - f l u o r o p h e n y l  1 (b)** 585 1 1 0 ,0 0 0
Y
S t r u c t u r e  (1 2 9 )
X Y n S o lv e n t kmax ®max
m e th y l p h e n y l 1 ( b ) 520 9 8 ,2 0 0
p h e n y l m e t h y l t h i o 1 (b ) 522 5 5 ,7 0 0
m e th y l p h e n y l 2 ( b ) 621 1 5 0 ,0 0 0
p h e n y l m e t h y l t h i o 2 (b ) 619 9 7 ,5 0 0
* *in  th e  p r e se n c e  o f  t r i e th y la m in e
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X
m e th y l
H5C KM .CH-TX ^^ C H S tr u c tu r e  (1 5 1 )
X N
Y . 
p - t o l y l
p h e n y l  m e t h y l t h i o
p - n i t r o p h e n y l  m e t h y l t h i o  
m - n i t r o p h e n y 1 m e t h y l t h i o
S .  N ^ O
CgH
Y
S o l v e n t
(b)
(b )
(b )
(b )
OH H 
N-
N N
'N
I L
Amax
458
4 5 0 sh
447
461
456
^max
4 4 .0 0 0  
5 9 ,6 0 0
3 7 .0 0 0
5 9 .0 0 0
5 4 .0 0 0
S t r u c t u r e  (1 5 3 )
X Y S o lv e n t Amax ^max
m e th y l 0- c h io r o p h e n y 1 (b ) 524sh 5 5 ,0 0 0
54-9 9 2 ,5 0 0
(b)** 524 5 7 ,6 0 0
552 1 0 4 ,0 0 0
m e th y l p - c h l o r o p h e n y l (b ) 555 6 5 ,5 0 0
5 6 0 sh 5 4 ,5 0 0
(b )* * 556 6 9 ,8 0 0
560 6 5 ,0 0 0
m e th y l 2 , 6 - d i c h io r o p h e n y 1 (b ) 514 4 6 ,0 0 0
547 9 0 ,0 0 0
* 4^in  th e  p r e se n c e  o f  t r ie th y la m in e
I l l
X Y Solvent ?vinax ^max
methyl 2 ,6-dichiorophenyl (h)** ^14 48,500
548 96,500
phenyl methylthio (h) 536 55,000
560 60, 500
( b ) * *  5 3 6  5 7 , 3 0 0
562 63,000
*  * in the presence of triethylamine
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TABLE 5
Infra-red Data for PyrazoloCS^S-cJ-s-triazble Derivatives
Ethyl 6-methyl-3-phenyl-lH-pyrazolo[3,2-c]-s^triazole-7- 
oarboxylate (110; Y=phenyl)
3180(b,m), 2990(m), 29A-0(w), 1670(s), 1650(s), 1500(w), 
1490(m), 1460(m), 1380(w), 13^Q(ms), 1240(m), 1180(s),
llOO(m), 1070(wm), 1015(wm) > 930(«n)) 84-0(w), 810(w),
775(wm), 710(wm), 690(m).
Ethyl 6-methyl-3-o-tolyl-lH-pyrazolo[3)2-ç]-s^-triazole-7- 
oarboxylate (110; ï=o-tolyl)
3180(b,m), 2980(w), 2920(w), 1560(s), 1630(a), 1480(m), 
1440(m), 1380(m), 1330(m), 1275(w), l230(w^, 1180(a), 1150(m), 
llOO(m), 1080(m), 1060(w), lOlO(m), 920(w), 84-0(w;', 760(m), 
720(m).
Ethyl 6-methyl-3-E-tolyl-lH-pyrazolo[3,2-c]-s-triazole-7- 
oarboxylate (110; Y=£-tolyl)
3250(b,s), 2980(m), 2915(m), 1665(a), 1634(a), 1502(w), 
1440(s), 1377(m), 1322(a), l230(m), 1170(a), 1098(s), 1003(m), 
918(w), 820(m), 770(w), 716(m), 696(w).
Ethyl 5-niesityl-6-methyl-lH-pyrazolo[3,2-ç]-s-triazole-7- 
carboxylate (110; X=meaityl)
3200(b,m), 2980(m), 2910(mS 1665(a), 1630(a), 1480(m ), 
1440(ms), 1365(m), 1320(ms), 1225(m\ 1180(a), 1150(ms), 
1095(ma), lOOO(m), 920(w), 840(m), 753(m).
Ethyl 3-o-ohlorophenyl-6-methyl-lH-pyrazolo[3,2-o]-_a- 
triazole-7-carboxylate (110; X=o-chlorophenyl)
3190(b,m), 2990(w), 2920(w), 1660(a), 1640(a), 1490(m), 
1440(m), 1590(m), 1370(m), 1350(m), 1270(w), l220(m),
1180(s), 1140(w), 1120(m), 1100(m\ 1080(m), 1050(m), lOlO(m), 
920(m), 750(a), 720(m).
Ethyl 3-£-chlorophenyl-5-methyl-lH-pyrazolo[3,2-c]-h- 
triazole-7-oarboxylate (110; ï=p-chlorophenyl)
3180(b,m), 2980(m), 2930(wm), 1660(a), 1630(a), 1490(m), 
1440(m), 1375(w), 1330(m), 1230(wm), 1180(a), 1090(a),
1075(m), 1005(m), 920(wm), B30(m), 770(w), 740(wm), 710(wm).
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Ethyl 5-2',6'-diGhlorophenyl-6-methyl-lH-pyrazolo[3,2-c]-s- 
triazole-7-carboxylate (110; ï=2,5-dichlorophenyl) 
3200(b,m), 2990(w), 1670(a), 1630(a), 1570(w), 1490(w), 
1440(a), 1400(w), 1330(m), 1235(m), 1190(a), llOO(ms), 
lOlO(w), 920(w ), 785(ma), 755(w), 710(vw).
Ethyl 3-o-fluorophenyl-6-methyl-lH^pyrazolo[3,2-c]-s-
triazole-7-carbo:<ylate (110; Y=o-fluorophenyl )
3180(b,m), 2990(m), 2915(m), 1660(a), 1635(b ), 1505(ms), 
1480(m), 1445(m), 1390(wm), 1370(wm), 1330(ms), 1280(m), 
1240(m), 1220(mO, 1180(a), 1120(m), llOO(ms), 1080(m),
1040(m), 1015(m), 920(wm), 840(wm), 820(w), 750(m), 750(m).
Ethyl 5-E“flnorophenyl-6-methyl-lH-pyrazolo[5,2-o]-a- 
triazole-7-Garboxylate (110; Y=pfluorophenyl)
3230(b,ma), 2985(m), 2950(w), 1665(b ), 1635(s:', 1550(w), 
1495(b ), 1480(w), 1447(a), 1385(m), 1320(a), 1233(b ),
1175(b ), 1103(a), 1073(m), 1013(m), 925(m), 848(a), 813(w),
776(w), 730(w), 720(m), 700(m).
Ethyl 6-methyl-3-o-nitrophenyl-lH-pyrazolo[3,2-c]-a- 
triazole-7-carboxylate (110; Y=o-nitrophenyl)
3475(w), 3560(w), 3140(b,mS 2990(m), 1660(a), 1633(s\ 
1545(a), 1485(m), 1445(m), 1375(m), 1330(a^, 1235(m),
1184(a), 1122(m\ lllO(m), 1088(m), 1045(w), 1015(m),
924(m), 852(w), 855(w), 808(w), 765(m), 700(m).
Ethyl 6-methyl-3-p-nitrophenyl-lg-pyrazolo[3,2-c] 
triazole-7-oarboxylate (110; Y=p-nitrophenyl)
3170(b,m), 2980(w), 2920(w), 1670(a), 1625(m), 1600(a), 
1520(m), 1480(m), 1440(m), 1335(b), l232(m), 1175(b), 
llOO(m), 1078(m), 1008(w), 920(w), 853(m), 750(w), 700(m).
6-Methyl-3-o-tolyl-lH-pyrazoloL3,2-o]-s-triazole-7- 
carboxylic acid (112; Y=o-tolyl)
3390(m), 3080(vb,m),2920(m), 2650(vb,m), 1670(a), 1615(b ), 
1490(m), 1380(w), 1320(w), 1280(w), 1220(m), 1180(a),
llOO(w), 1050(w\ 1005(w), 910(w), 760(m),720(m).
6-Methyl-3-E-tolyl-lH-pyrazolo[3,2-c]-B-triazole-7- 
carboxylic acid (112; Y=p-tolyl)
3120(vb,m), 2910(m), 2650(b,m), 1670(s^, 1620(a), 1505(b ), 
1490(a), 1580(w), 1365(w), 1328(w), 1310(w), l230(m),,
1 1 7 5 ( b ) ,  llOO(m), 1070(w), 1007(w), 915(w), 820(m\ 775(w),
750(w), 7 1 3 ( w ) ,  6 8 5 ( w ) ,
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3 - N e s i t ;y l~ 6 - m e th y l - lH - p y r a z o lo  C3 , 2 - c ] - s - t r i a z o l e - 7 -  
c a r b o x y l i c  a c i d  (1 1 2 ;  Y = m e s i ty l )
5130(b,m), 2975(m), 2925(m), 1675(sh,s), 1668(s), 1659(sh,s), 
1616(b ), 1490(m), 1445(m), 1382(m), 1325(m), l230(m),
1173(8), 1155(m), llOO(m), 1070(w), 1005(m), 907(w),
850(w), 779(w), 743(w), 717(w).
5-o-Cliloropheiiyl-5-methyl-lH-pyrazolo[3 ,21o]-s-triazole- 
7-carboxylic acid (112; ï=o-chlorophenyl)
3330(m), 3060(vb,m), 2620(b,m), 1 5 6 0 ( b ) ,  1605( s ) ,  1485( s ) ,  
1440(m), 1575(w), 1325(wm), 1220(m), 1180(s), lllO(w), 
1 0 8 0 ( w ) ,  1035(w ) ,  1008(m), 912(wm), 831(w), 760(s),
7 2 4 ( w m ) , 6 8 0 ( w ) .
3-E-ChloropÏLeiiyl-6-methyl-lH-pyrazolo[3,2-ç]-^-triazole- 
7-carboxylic acid (112; Y=p-chloroph.eriyl)
3300(vb,m), 3000(vb,m), 2600(vb,m), 1670(s), I520(s),
1490(m), 1445(w), 1365(w), 1320(w), 1230(m), 1180(m\
1090(m), 1070(w), 1005(w), 920(w), 830(m), 710(w).
3-E-Fluorophenyl-6-methyl-lE-pyrazolo[3,2-c]-s-triazole- 
7-carboxylic acid (112; Y=p-fluoroph.eriyl)
3 2 8 0 (b ,m ) ,  2 9 6 0 (v b ,m ) ,  2 6 5 0 (v b ,m ) ,  1680(e ), 1 6 3 0 ( s ) ,
1 3 0 3 ( m ) ,  1 4 4 0 ( w ) ,  1 5 7 0 ( w ) ,  1 3 2 0 ( w ) ,  1 2 9 0 ( w ) ,  1 2 3 5 ( m ) ,
1180(m), llOO(w), 1070(m), 1005(w), 920(w), 885(w),
840(m), 780(w), 750(w), 720(w), 685(w).
5-Methyl-3-o-nitrophenyl-lH-pyrazolo[3,2-o]-^-triazole-
7-carboxylio acid (112; Y=o-nitroph.enyl)
3360(b,m), 3070(b,m), 2990(b,m), 2900(vb,m), 1680(s),
1625(s), 1580(wm), 1330(s), 1300(m^, 1450(w), 1380(w), 
1355(m), 1240(m\ 1185(ms), lllO(w), 1005(w), 910(wm),
8 3 0 (wm), 7 7 5 (m ) ,  7 4 5 ( m ) , 720(wm).
6-Methyl-3-E-nitrophenyl-lH-pyrazolo[3,2-o]-s-triazole-
7 - c a r b o x y l i o  a c i d  (1 1 2 ;  Y = p -n i t r o p l ie n y l )
3290(b,m), 3110(m), 2900(b,m), 2640(b,m), 1658(s),
1 6 0 4 ( b ) ,  1318(E), 1495(s), 1 4 8 0 ( e ) ,  1440(m), 1 3 6 5 ( s ) ,
1345(s), 1295(m), 1230(e ), 1170(e ), 1107(m), 1073(m),
1025(w ), 1005(m), 910(m), 835(s), 825(m), 777(w), 750(m), 
694(m).
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S - H e x y l -S - m e th y l - lH - p y ra z o lo C J  , 2 - ç ] - _ s - t r i a z o l e - 7 -  
o a r b o x y l l c  a c i d ( 1 1 2 ;  Y =hexyl)
3140(b,m), 2950(m), 2920(m), 2850(m), 1680(s), 1650(a), 
1620(a), 1560(w), 1490(m), 1460(m ), 1580(w), 1520(w),
1210(m), 1190(m), 1140(m), 1080(w), 1000(w\ 910(w), 750(b,w)
5-MettLyl-3-phenyl-lH-pyrazolo[5,2-c]-a-triazole 
(115; Y=ph.enyl)
5190(w), 3125(m), 3060(m), 2960(m), 2900(m), 2800(m),
2740(m), 2650(w), 1605(sS 1508(a), 1480(m), 1455(w),
1570(w), 1330(a), 1315(m), 1245(m), 1170(m), 1090(w),
1070(wm), lQ15(m), 1005(m), 970(w), 840(wm), 820(wm),
7 7 0 ( a ) ,  73 5 (m ), 7 1 0 (wm), 6 9 0 ( a ) .
6-Met;hyl-3-o-tolyl-lH-pyrazolo[3,2-£]-s-triazole (113; 
Y=o-tolyl)
3200(m), 3150(m), 3110(m), 3080(m), 2990(m), 2920(m),
2810(m), 1600(s), 1500(w), 1475(w), 1380(w), 1350(m),
1280(w), I240(w), 1170(w), 1140(w), 10?0(w), 1050(w),
1005(m), 830(w), 750(m), ?15(m), 700(m).
6-Metliyl-3-E-'bolyl-lH-pyrazolo[5,2-o]-s-triazole (113; 
Y=p-tolyl)
3210(m), 3130(m), 3090(m), 2990(m', 2920(m), 2810(m),
2740(m\ 1615(8h,s), 1608(a), 1508(m), 1482(a), 1405(w), 
1380(w), 1328(a), 1307(m), 1240(m), 1183(m^, 1176(m),
1084(m), 1015(m\ 1002(m), 835(m), 820(a), 738(w), 715(s).
3 - M e a i t y l - 5 - m e t l i y l - l H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e ( 1 1 3  ; 
Y = m e a i ty l)
3190(m), 3100(m), 3080(m), 3060(m), 2960(b,m), 2860(m), 
2780(b,m), 1600(a), 1470(m), 1440(m), 1580(m), 1330(a), 
1240(m), 1180(s‘', 1160(m), 1060(m), 1005(m), 850(a),
810(m), 720(m), 700(m).
3-o-Chlorophenyl-6-methyl-lH-pyrazolo[3)2-o]-^-triazole 
(113; Y=o-chlorophenyl)
3180(m), 3130(m), 3100(m), 3060(m), 2960(m), 2920(m),
2780(m), 2740(m), 1605(a), 1495(m), 1465(w), 1435(w),
1380(w), 1330(m), 1240(w), 1170(w\ 1145(w), 1070(m),
1040(w), lOlO(w), 855(w), 815(w), 755(ni)> ?20(w), 595(w),
550(w).
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5 - E - C l i l o r o p h e n y l - 5 - m e t h y l - l H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  
(1 1 3 ;  Y = E -c h lo ro p h e n y l)
5200(m), 3110(m), 3060(m), 2970(m), 2910(m), 2800(m),
2730(m), 2660(m), 1605(s), 1500(m), 1470(m), 1400(w),
1330(s), I250(w), 1170(m), 1140(w), 1090(s), 1015(m),
995(m), 850(m), 810(s), 710(s), 700(m).
5-2',5'-Diohlorophenyl-6-methyl-lH-pyrazolo[3,2-c]-s- 
triazole (115; Y=2,5-dicliloroplienyl)
5180(w), 5120(m), 3060(m), 2960(m), 2920(m), 2780(m),
2710(w), 1600(s), 1560(wO, 1490(m), 1430(ms), 1385(w),
1530(m), 1240(w), l200(m), 1175(m), 1115(w), 1060(w),
1030(w), 995(w), 780(ms), 720(w).
3-o-Fluoroplieiiyl-6-methyl-lH-pyrazolo [3 5 2-c]-s_-triazole 
(113; Y=o-f luoroplienyl)
5200(m), 3150(m), 3070(m), 2990(m), 2920(m), 2810(m),
2750(m), 1600(8), 1500(m), 1440(w), 1360(w\ 1350(s^,
I280(m), 1245(m), l250(m), 1178(m), 1164(w), 1085(wm),
1040(w), 1013(m), 950(w), 840(m), 765(ms), 730(m).
5 -E -F lu o r o p h e n y l-6 -m e th y l- lH -p y r a z o lo [3 ,2 -c ]-8 -tr ia z o le  
(115; Y=p-flu orop h en y l)
5200(m), 5130(m), 3090(m), 2990(m), 2900(m), 2820(m),
2750(m), 1605(s), 1560(m), 1480(s), 1440(m), 1400(w),
1380(w), 1330(s), 1295(m), 1220(8), 1170(m), 1155(8^,
llOO(w), 1080(s), lOlO(w), lOOO(m), 830(s), 800(w), 
740(w), 720(s), 710(m).
6-Methyl-3-o-nitrophenyl-lH-pyrazolo[5,2-c)-s-triazole 
(113; Y=o-nitrophenyl)
3180(w), 3100(m), 5030(m), 2940(m), 2870(m), 2750(m),
2650(m), 1600(s), 1550(8), 1500(m), 1470(w), 1545(s),
1550(8), 1240(m), 1170(m), 1075(m), lOlO(m), 855(m),
785(ms), 750(ms), 705(ms).
6-Methyl-5-E-Bitrophenyl-lH-pyrazolo[5,2-c]-s^triazole 
(113; Y=p-nitrophenyl)
3190(m), 3150(m), 5120(m), 3075(m),2990(m), 2900(m), 
2820(m), 1610(s), 1600(sh,s), 1545(w), 1520(s), 14?5(w}, 
1535(s), 1245(w), 1166(w), 1150(w), 1090(s), 1015(w), 
lOOO(w), 850(s), 830(m), 817(w), 753(m), 740(m), 695(m).
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î-Hexyl-G-methyl-lH-pyrazoloEî,2-c]-s-trlazole (113 ; 
Y=hexyl)
3200(m), 5170(m), 3120(m), 3070(m), 3010(m), 2930(a), 
2910(a), 2850(a), 2800(b,a), 1615(a), 1555(m), 1500(m), 
1470(a), 1435(w), 1375(w), 1540(a), 1550(a), 1200(m), 
1160(m), 1055(w), 1005(m), 850(m), 810(m), 765(m),
715(m), 695(8).
3-Methylthi o-5-phenyl-IH-pyrazolo[3,2-c]-s-triazole 
(119; X=phenyl)
5180(m), 3100(m), 5050(m), 2930(m), 2840(m), 2750(m),
2680(m), 1588(a), 1480(w), 1460(m), 1450(a), 1550(w),
1520(m), 1275(m), 1200(al, 1076(m), 1065(m), 1046(m),
965(w), 955(w), 910(w), 810(w), 767(m), 715(s), 687(m).
5-Methylthio-6-ra-nitrophenyl-lH-pyrazolo[5,2-c]-^-triazole 
(119; X=m-nitrophenyl)
3200(m), 5120(m), 3070(m ), 2960(m), 2860(m), 2760(m),
2700(w), 1595(8), 1515(8), 1420(m), 1330(a), 1195(m),
1108(w), 1090(w), 970(w), 880(w), 790(w), 700(m).
5-Methylthio-5-E-nitrophenyl-lH-pyrazolo[5,2-o]-s- 
triazole (119; X=p-nitrophenyl).
5180(m), 5120(m), 3050(m), 2960(m), 2860(m), 2770(m),
2700(w), 1600(a), 1520(a), 1440(w), 1405(w), 1350(a),
1280(m), 1220(m), 1120(m), 1055(w), 960(w), 857(m), 840(w), 
788(w), 710(m).
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TABLE 6
Nags S p e c t r a l  D ata  f o r  F y r a n o [2 ^3-d]-Dyriiïiidi.r,ie and F y r id o  
[ 2 - 3 - d ] p y r i m i d i n e  D e r i v a t i v e s
1 .3-Diethyl-7~(l,3-diethyl-hexahydro-2,4,6-trioxopyrimidin-. 
3-yli&ene)-l,2,3i4-tetrahydro-3-methyl-7H-pyrano[2,3-dJ 
pyrimidine-2,4-dione (94; E=ethyl, X=0)
416(100), 588(12), 574(12.7), 560(9), 330(4.7), 501(4), 
225(14), 180(20.7), 179(18), 176(24), 175(20.7), 170(44), 
149(19.5), 124(16.7), 95(11.5), 91(12), 81(1 2), 7 9(1 2), 
69(14), 67(14), 55(24), 44(38), 43(57.3).
7-(Hexahydro-l ,5-dimetliyl-2,4,6-trioxopyrimidin-5-ylidene)- 
1,2,3,4-tetrahydro-l,5,5-trimethyl-7H-pyrano[2,3-d] 
pyrimidine-2,4-dione (94; E=methyl, X=0)
360(100), 332(7 .8), 303(1 0.3), 275(7 .8), 272(3 .2 ), 246(8.6),
218(8 .1), 206(3.4), 190(4 .7 ), 161(6 .1), 133(3.7), 105(3 .2), 
80(7.8).
1.3-Diethyl-7-(l,3-diethyl-hexahydro-4,6-dioxo-2-thioxo- 
pyrimidin-5-ylidene)-l,2,3,4-tetrahydro-5-methyl-2-thioxo- 
7H-pyrano[2,3-d]pyrimidine-4-one (94; R=ethyl, X=S)
448(68.5), 416(100), 387(9.9), 360(21.7), 532(6.6), 328(6.6), 
291(5 .3), 273(8 .6 ), 211(5 .5 ), 176(1 1.2 ), 134(1 9.1), 97(6 .6 ), 
86(7 .2), 7 0(9 .2), 69(13.1), 60(5.3), 44(4.6).
1 .3-Biethyl-5C5-(3-ethyl'benaoxazolin-2-ylidene)peiita-l ,3- 
di enyl ] -7- ( 1,3-diethyl-hexahycb?o-2,4,6-trioxopyrimidin-5- 
ylidene )-l, 2,3,4-tetrahydro-7H-pyrano [2,3-.d]pyrimidiiie-2,4- 
dione(103; X=0, n=2, A=atoms to complete a benzoxazoline 
nucleus)
613(44.7), 4 3 0(2 5.5), 416(19.1), 405(100), 184(21.3), 
123(2 1.3 ), 111(1 9.1 ), 109(3 1.9 ), 97(53), 95(55.1), 91(19.1) 
85(57.2), 81(54.2), 79(21.3), 69(57.5), 57(40.4), 57(57-5), 
55(85.1).
1.3-Diethyl-5-[5-(3-ethyl'benzoxazolin-2-ylidene)prop-l- 
enyl]-7-(l,3-di ethyl-hexahydro-2,4,6-tri oxopyrimi din-5- 
ylidene)-l,2,3,4-tetrahydro-7H-pyrano[2,3-d]pyrimidine-
2.4-dione(103; X=0, n=l, A=atoms to complete a benzoxa-
zoïne nucleus)
587(100), 561(8), 416(19), 404(75.5), 555(29), 184(14.5), 
172(19), 170(9 ), 161(8.5), 159(1 0.5), 148(52.5), 133(24), 
98(8.5), 85(7.5), 56(21.5).
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1 ,5-Diethyl-5-(l-ethyl-l,2-dihydroquinolin-2-ylidenemethyl)-
7-(l,3-diethyl-hexahydro-2,4,6-trioxopyrimldin-5-ylldene)-
1,2,3,4-tetraliydro-7H-pyrano[2,3-d]pyrimidine-2,4-dione 
(103; X=0, n=0, A=atoms to complete a dihydroquinoline
nucleus)
571(85.5), 556(27.4), 487(25-8), 428(12.9), 416(11.3), 
402(9.7), 388(71), 374(9.7) 354(12.9), 143(71.3), 109(54.8), 
97(59.7), 95(69.4), 93(41.9), 91(58.6), 83(59.5), 81(67-7), 
71(53.2), 69(82.3), 67(51.6), 57(100), 55(8 8.7 ).
1,2,3,4,7,8-Hexahydro-7-(hexahydro-l,3-dimethyl-2,4,6- 
trioxopyrimidin-5-ylidene)-l,3,5-trimethylpyrido[2,3-d] 
pyrimidine-2,4-dione (97)
559(100), 531(5.9), 302(5 .2 ), 245(13.3), 217(5.0), 151(3-3), 
133(4.4), 44(3.0).
5-Di'bromomethyl-l ,2,3 ,4-tetrahydro-7-(hexahydro-l,3- 
dimethyl-2,4,6-trioxopyrimidin-5-ylidene)-l,3-dimethyl- 
7H-pyi'ano[2,3-d]pyrimidine-2,4-dione (101; X=Y=Br, Z=H) 
516(23.4), 437(51.2), 580(4.9), 358(100), 352(3 .7 ),
325(4 .3), 301(58), 295(4.9), 274(8 .6 ), 273(7 .4 ), 272(5 .5), 
264(4.9), 258(4.9), 244(25-9), 217(10.5), 188(16.7), 
187(16.1), 165(6.8), 160(8.6), 159(8), 130(21), 105(12.9), 
9 0(1 1.1), 82(34.6), 81(14.8), 80(3 5.8), 79(14.8), 66(18-5), 
56(18.5).
5-Bromomethyl-l,2,5,4-tetrahydro-7-(hex4hydro-l,3-dimethyl-
2,4,6-trioxopyrimidin-5-ylidene)l,3-dimethyl-7H-pyrano 
[2,3-d]pyrimidine-2,4-dione (101; X=Y=H, Z=Br)
438(2.3), 560(20.6), 359(8.4), 332(3), 502(6.1), 274(13-7), 
246(12.9), 245(13.9), 217(2 5.9 ), 189(1 0.6 ), 188(12.9), 
161(14.5), 160(19.1), 132(20.6), 104(28.5), 78(88.5), 
63(48.9), 58(94.7), 56(100), 51(7 1.8), 50(58.7).
5-(2-Anilinovinyl)-l,2,3,4-tetrahydro-7-(hexahydro-l,5- 
dimethyl-2,4,5-trioxopyrimidin-5-ylidene)-l,5-dimethyl- 
7H-pyrano[2,5-d]pyrimidine-2,4-dione (104; Z=H)
463(100), 455(5 .5), 405(3 .3), 371(5 .5), 360(61), 308(22),
259(11), 246(6.7), 194(6 .7), 155(7 .8), 104(11), 95(13.9), 
77(16.7), 69(11), 58(59), 43(50).
120
TABLE 7
Mass S p e c t r a l  D a ta  f o r  M is c e l l a n e o u s  B a r b i t u r i c  A cid  
D e r i v a t i v e s
5“ ( 1 -E th y la a rL in o e th y l id e n e ) - l ie x a h .y d ro - l  , .3 - d im e th y l p y r im id in e -
2 . 4 . 6 - t r i o n e  (9 8 ;  X=0, R=CH^)
225(100), 210(21.9), 183(23.9), 182(13.9), 181(15.9),
169(9.9), 139(4.9), 126(11.9), 97(8.9), 83(5.9), 70(11.9), 
69(42.6), 67(11.9), 57(13.9), 44(38.6), 43(14.9),
42(32.9), 41(18.8).
1,3-Diethyl-5-( 1-ethyl aminoethylidene )-hexah.ydro-2-thi 0X0- 
pyrimidine-4,6-dione (98; X=S, E=CgH-)
269(52.5), 236(100), 227(1 7.5), 209(1 2.5), 181(45),
172(2 2.5), 140(15), 138(20), 112(40), 9 7(1 7.5), 86(1 7.5), 
83(20), 82(15), 7 0(55), 69(22.5), 58(22.5), 67(22.5),
60(1 7.5), 4 4(2 5), 4 3(1 7.5), 42(75).
5-(l-Anilino-3-oxobut-l-@ne)-l,3-diethyl-hexahydropyrimidine-
2.4.6-trione (100; E=OgE-)
343(100), 328(43), 326(100), 301(50), 300(78.5), 286(14.3), 
282(18.6), 2 5 8 ( 7 . 1 ) ,  228(11.4), 200(17.1), 199(11.4),
186(11.4), 172(1 1.4 ), 160(50), 158(48.6), 144(51.5),
130(2 7.2), 118(54.3), 93(7 2.9 ), 77(7 4.3), 65(11.4),
51(14.3), 4 3(9 7).
343[M]® 328[M - OH,]® 300[M - OH,00]®
metastable peak at 262.3* due to transition 343®--► 300® + 43
a c c u r a t e  mass m e a su re m e n ts :
m /e M easured  Mass C a l c u l a t e d  Mass F o rm u la  E r r o r
543 343.152412 343.153200 ^18^21^5^4  ^p.p.%
300 300.135143 3 0 0o134811 ^16^18^3^3  ^p.p.m,
5 - ( 1 - A n i l i n o - 3 - o x o h u t - 1 - e n e ) - h e x a h y d r o - 1 , 3 - d im e th y lp y r im i  d i n e -
2 . 4 . 6 - t r i o n e  (1 0 0 ;  R=OH%)
3 1 5 ( 5 9 ) ,  3 0 0 ( 1 7 .9 ) ,  2 9 8 ( 2 7 . 4 ) ,  2 7 3 ( 2 1 ) ,  2 7 2 ( 4 7 . 4 ) ,  2 5 8 ( 1 5 . 8 ) ,  
2 1 5 ( 1 0 . 5 ) ,  2 0 0 ( 7 . 9 ) ,  1 9 9 ( 8 . 4 ) ,  1 8 6 ( 8 .4 ) ,  1 8 2 ( 9 . 5 ) ,  1 7 2 ( 1 0 . 5 ) ,
169(6.5), 160(33.7), 158(65.3), 155(23.2), 144(63.2), 
130(55.8), 118(42.1), 117(23.2), 103(13.7), 92(31-6),
77(55.8), 65(8.4), 58(2 2.1 ), 51(1 1.6 ), 43(100).
315CM]® 300[M - OEj]® 272[M - CE^CO]®
metastable peak at 234.9* due to transition 515® — ► 272®  + 43
a c c u r a t e  mass m e a su re m e n ts :
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m/e M easu red  Mass C a l c u l a t e d  Mass F o rm ula  E r r o r  
315 3 1 5 .1 2 0 8 6 8  3 1 5 .1 2 1 9 0 0  ^16^17^5^4  5 p .p .m .
272  2 7 2 .1 0 3 1 4 2  2 7 2 .1 0 3 5 1 1  '^1Z|.^14^5^$ 1 p .p .m .
1 , 2 , 3 , 4 - T e t r a h y d r o - l , 3 , 5 - t r i m e t h y l - 7 H - p y r a n o [ 2 ,3 - d ]  
p y r i m i d i n e - 2 , 4 , 7 - t r i o n e  (8 7 ;  X=0, X=H, E^=E^=Z=CH7 )
222(41), 194(64), 157(100), 99(34.5), 93(5.7), 80(64),
6 7 ( 8 . 6 ) ,  5 8 ( 8 . 6 ) ,  5 6 ( 1 2 . 9 ) ,  5 0 ( 8 . 6 ) ,  4 4 ( 4 1 ) .
5 - A c e t y l - l  , 3 - d i m e t h y l 'b a r b i t u r i c  a c i d
198(10.2), 183(10.2), 167(4.9), 149(24.6), 119(3.2),
104(4.9), 97(4.9), 83(4.9), 81(4.9), 71(6.5), 70(8 .2 ),
69(11.5), 57(14.8), 56(13.1), 55(14.8), 44(74), 40(100).
TABLE 8
Mass S p e c t r a l  D a ta  f o r  l H - P y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  
D e r i v a t i v e s
6-Methyl-5-ph.enyl-lH-pyrazolo[3 ,2-c]-s-triazole (113;
Y =phenyl)
198(100), 128(20.8), 118(5.8), 104(33.3), 105(17-5),
99(9.2), 95(10), 91(8.3), 81(4.2), 77(25), 68(52.5),
55(23.4), 51(13.3), 42(13.3), 41(23.4).
5 - o -P lu o r o p h . e n y l - 5 - m e th y l - lH - p y r a z o lo  [ 3 , 2 - c ] ~ E - t r i a z o l e  
(113; Y = o - f lu o ro p h e n y l )
216(100', 173(8.6), 146(51.5), 122(42.9), 121(42.9),
109(8.6), 102(12.8), 95(32.9), 94(18.6), 75(22.9),
68(55.6), 67(21.4), 66(24.5), 55(15.7), 52(21.4), 41(50), 
39(57.2).
3-Methylthio-6-phenyl-lH-pyrazolo[3,2-c]-s—triazole 
(119; X=phenyl)
230(100), 159(28.9), 158(53.3), 143(28.9), 103(40),
102(55.5), 78(44.4), 77(40), 76(20), 52(2 2.2 ), 51(51.1), 
50(22.2).
E t h y l  3 - o - c h l o r o p h e n y l - 6 - m e t h y l - l H - p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e - 7 - o a r b o x y l a t e  ( 1 1 0 ;  Y = o -o h lo ro p h e n y l)
504(100), 276(5), 275(4.5), 258(98), 252(14.9), 205(26.9), 
189(13.4), 152(4.5), 152(6), 137(53.7), 111(14.9),
102(44.8), 94(14.9), 78(14.9), 76(16.4), 75(32.8), 67(56.8), 
66(98), 65(97), 53(17.9), 52(13.4), 51(20.9), 50(17.9), 
43(34.3).
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6o E][PERIMENTAL
S p e c t r o s c o p i c  m easu rem en ts  w ere made u s i n g  a 
Unicam SP800 i n s t r u m e n t .
A l l  m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .
P r e p a r a t i o n  o f  1 , 3 - d i a l k y I b a r M t u r i c  a c i d s
( i )  1 ; 3 - D i m e t h y l b a r b i t u r i c  a c i d  was p r e p a r e d  by t h e
1 expm ethod o f  C la rk -L e w is  and  Thompson " . The sam ple  o b t a i n e d  
m e l t e d  a t  1 2 2 ° .
( i i )  1 , 3 - D i e t h y l b a r b i t u r i c  a c i d  was p r e p a r e d  by 
a d a p t a t i o n  o f  t h e  above p r o c e d u re  u s i n g  d i e t h y l u r e a  
i n s t e a d  o f  d i m e t h y l u r e a .  The m a t e r i a l  so o b t a i n e d  was 
p u r i f i e d  by d i s t i l l a t i o n ,  b . p .  148 -1 5 0 °  (15  mm). The 
d i s t i l l e d  p r o d u c t  s o l i d i f i e d ,  and  m e l te d  a t  52° .
( i i i )  1 , 5 - D ie th y l " 2 - t h i o b a r b i t u r i c  a c i d  was p r e p a r e d  
by th e  m ethod o f  L .G .S .  B ro o k e r  and c o -w o rk e r s ^ ^ .  The 
sam ple  o b ta in e d  m e l t e d  a t  1 0 5 ° .
Condensa t i o n  o f  1 , 5 - d i e t h y l b a r b i t u r i c  a c i d  w i th  e t h y l  
' o r t h o a c e t a t e
( i )  1 , 5 - D i e t h y l b a r b i t u r i c  a c i d  ( 4 . 5 g ) ,  e t h y l  o r t h o ­
a c e t a t e  (5  m l) and  a c e t i c  a n h y d r id e  (10  m l)  were h e a t e d  
a t  100° f o r  90 m in .  The m ix tu r e  was th e n  c o n c e n t r a t e d  
u n d e r  r e d u c e d  p r e s s u r e  and th e  r e s i d u a l  o ra n g e  gum was 
t r e a t e d  w i th  l i g r o i n  ( b . p ,  8 0 -1 0 0 ° ,  70  m l ) ,  and  t h e  
s o l u t i o n  was c h i l l e d  f o r  4 8  h r .  Thé y e l l o w  s o l i d  w hich  
s e p a r a t e d  was c o l l e c t e d ,  w ashed w i th  m e th a n o l ,  and  r e -  
c r y s t a l l i s e d  from  m e th a n o l  to  g iv e  t h e  p r o d u c t , ( 0 . 5 g ,
5 . 896) ,  l , 5 - d i e t h y l - 7 - ( l  , 5 - d i e t h y l - h ex a h y d ro - 2 , 4 , 6 -  
t r i o x o p y r i m i d i n - 5 - y l i d e n e ) - l , 2 , 5 , 4 - t e t r a h y d r o - 5 - m e th y l -7H - 
p y r a n o [ 2 , 3 - d ] p y r im id in e - 2 , 4 - d i o n e (9 4 ;  R = e th y l ,  X=0) a s
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h a r d  y e l lo w  r o d s ,  m .p .  195° (Found; 0 ,5 7 ° 6 ;  H ,6 .0 ;
N ,1 3 .4 ^ ;  m/e 4 1 6 .  ^20^24^4^6  z a q u i r e s  H ,3 o 8 ;
N ,13.596; M ,4 1 6 ) , Amax (MeOH) 439 urn. The dye was h i g h l y  
f l u o r e s c e n t  i n  u l t r a v i o l e t  l i g h t ,
( i i )  1 , 3 - D i e t h y l b a r h i t u r i c  a c i d  ( 4 ,6 g )  and  e t h y l
o r t h o a c e t a t e  (5  m l)  w ere h e a t e d  t o g e t h e r  u n d e r  r e f l u x  f o r  
1 h r .  The r e a c t i o n  m ix tu r e  was t h e n  c h i l l e d ,  and  t h e  
y e l l o w  dye w h ich  was d e p o s i t e d  was c o l l e c t e d  and  r e ­
c r y s t a l l i s e d  from  m e th a n o l .  The p r o d u c t  (0 ,3 S 5  5*8%) was 
o b t a i n e d  a s  lo n g  y e l lo w  n e e d l e s ,  m ,p ,  195°5 i d e n t i c a l  
w i th  th e  p r o d u c t  o b t a i n e d  by m ethod ( i )  f o r  i t  h ad  Amax 
i n  m e th a n o l  a t  439 urn and  t h e  m ixed m ,p , was 1 9 5 ° .
( i i i )  1 , 3 - D i e t h y l b a r b i t u r i c  a c i d  ( 2 3 g) and  e t h y l  
o r t h o a c e t a t e  (2 5  m l)  w ere h e a t e d  u n d e r  r e f l u x  f o r  1 h r  
d u r in g  w h ich  t im e  t h e  low b o i l i n g  p r o d u c t s  ( b , p ,  ? 4 - 7 5 ° î  
12 m l)  w ere d i s t i l l e d  th ro u g h  a  f r a c t i o n a t i n g  colum n .  The 
r e a c t i o n  m ix tu re  was c h i l l e d  and  t h e  s e p a r a t e d  dye was 
r e c r y s t a l l i s e d  from  m e th a n o l  to  g iv e  t h e  p r o d u c t  (7gs  2796), 
m .p .  195°9 w hich  was shown t o  b e  i d e n t i c a l  w i th  t h o s e  
p r o d u c t s  o b t a i n e d  by  t h e  p r e v i o u s  m ethods ( i )  and  ( i i )
by h a v in g  Amax i n  m e th a n o l  a t  439 nm and  m ixed  m .p ,  1 9 5 ° .
( i v )  1 , 3 - D i e t h y l b a r b i t u r i c  a c i d  ( 5 g ) ,  e t h y l  o r t h o ­
a c e t a t e  (5  m l) and  p y r i d i n e  (10  m l) w ere h e a t e d  u n d e r  r e f l u x  
f o r  10 m in .  The m ix tu r e  was th e n  c h i l l e d  and  t h e  y e l l o w  
dye w hich  s e p a r a t e d  was c o l l e c t e d ,  washed w i th  m e th a n o l
and  r e c r y s t a l l i s e d  from  m e th a n o l  t o  g iv e  t h e  p r o d u c t  ( 0 . 7  g» 
12%) a s  y e l lo w  n e e d l e s ,  m .p .  1 9 5 ° .  I t  was shown to  be  
i d e n t i c a l  t o  t h e  p r o d u c t s  o b t a i n e d  by t h e  p r e v i o u s  m ethods  
by  h a v in g  Amax i n  m e th a n o l  a t  439 nm and m ixed m .p .  1 9 5 ° .
The p u r i t y  o f  th e  dye was ch eck ed  by t , I . e .  i n
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b e n z e n e ,  on s i l i c a  g e l ,  c o a t e d  on f i l m  b a s e  (E as tm an  
Chromagram s h e e t ) ,  when th e  dye t r a v e l l e d  a s  one s p o t .
The dye ( O . l g )  d i s s o l v e d  i n  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  (2  m l ) ,  was r e c o v e r e d  when t h e  s o l u t i o n  was 
d i l u t e d  w i th  w a te r  (20  m l ) ,  a s  shown by m ixed mop« (1 9 5 ° )  
and  l i g h t  a b s o r p t i o n  i d e n t i c a l  w i t h  t h a t  o f  t h e  s t a r t i n g  
m a t e r i a l  »
A m ix tu r e  o f  t h e  dye ( 0 , 2 g ) ,  m e th a n o l  (3  ml^ and 
aqueous  p o ta s s iu m  h y d r o x id e  (2  m l,  2 % )  was s t i r r e d  u n t i l  
t h e  dye d i s s o l v e d ,  when t h e  s o l u t i o n  became d e c o l o r i s e d .
The s t a r t i n g  m a t e r i a l  was r e c o v e r e d  when t h e  s o l u t i o n  was 
a c i d i f i e d  w i th  a c e t i c  a c i d .  T h is  was shown by  an  u n ­
d e p r e s s e d  m ixed  m .p .  ( 1 9 5 ° )  and v i s i b l e  a b s o r p t i o n  i d e n t i c a l  
w i th  t h a t  o f  t h e  s t a r t i n g  m a t e r i a l .
The dye was s t u d i e d  by e l e c t r o p h o r e s i s  on 
p a p e r ,  u s in g  a s o l u t i o n  o f  sodium  h y d ro g e n  p h t h a l a t e  (5 g )  
i n  m e th a n o l  (5  m l)  and  w a te r  (90  m l)  a s  th e  e l e c t r o l y t e .  
D uring  2 h r  a t  320 v o l t s , t h e  t e s t  dye d id  n o t  move, w hereas  
t h e  t r i m e t h i n e o x o n o l  d e r i v e d  from  1 , 3 - d l e t h y l b a r b i t u r i c  
a c i d  moved to w a rd s  t h e  anode a
Condensa t i o n  o f  1 ,3 - d . i m e t h y l b a r b i t u r i c  a c i d  w i th  e t h y l  
o r t h o a c e t a t e
( i )  1 , 3 - D i m e t h y l b a r b i t u r i c  a c i d  (4 6 g )  and  e t h y l
o r t h o a c e t a t e  (120 m l)  w ere  h e a t e d  u n d e r  r e f l u x  f o r  30 min 
d u r in g  w hich t im e  th e  low b o i l i n g  r e a c t i o n  p r o d u c t s  were 
d i s t i l l e d  t l i ro u g h  a f r a c t i o n a t i n g  column and a  y e l l o w  
s o l i d  s e p a r a t e d  from  t h e  h o t  s o l u t i o n .  The m ix tu r e  was 
c h i l l e d  and th e  dye was c o l l e c t e d .  I t  was r e c r y s t a l l i s e d  
from  b en zen e  to  g iv e  t h e  p r o d u c t  ( I 5 g ,  2 7 % ) ,7 - (h e x a h y d ro -
1 , 3 - d i m e t h y l - 2 , 4 , 6 - t r i o x o p y r i m i d i n - 5 - y l i d e n e ) - l , 2 , 3 , 4 -
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t e t r a h .v d r o - 1 ,5 , 3 ° t r i m e t h y l -7H-°»p y r a n o ]p y r im i d i n e - 2  g4- 
d io n e  (9 4 ;  R=methylg X=0) a s  s h o r t  y e l lo w  n e e d l e s ,  m .p ,  
277° (F ound: 0 , 5 3 . 5 ;  H ,4 .6 ;  N ,15.5% ; m/e 560,
^16^16^4^5 0 , 5 5 . 3 ;  H ,4 .4 ;  N, 15.6%; M ,3 6 0 ) .
The dye h ad  Xmax i n  c h lo ro fo rm  a t  451 nm and  was h i g h l y  
f l u o r e s c e n t  i n  u l t r a v i o l e t  l i g h t .
( i i )  l ,5 = D i m e t h y T b a r h i t u r i c  a c i d  (1 5 o 6 g ) ,  e t h y l  o r th o ­
a c e t a t e  (20  m l)  and p y r i d i n e  (40  m l)  were h e a t e d  u n d e r  
r e f l u x  f o r  30 m in .  G o lden  y e l lo w  c r y s t a l s  were d e p o s i t e d  
from  th e  c o o le d  r e a c t i o n  m i x t u r e .  The s o l i d  was c o l l e c t e d ,  
washed w i th  m e th a n o l  and  r e c r y s t a l l i s e d  from  b e n z e n e  t o  
y i e l d  th e  p r o d u c t  (3g? 15 .8%) a s  s h o r t  y e l lo w  n e e d l e s ,  
m .p .  277°9  w hich  was shown t o  be  i d e n t i c a l  w i th  th e  p r o d u c t  
o b t a in e d  by  m ethod ( i )  by  i t s  h a v in g  Xmax i n  c h lo ro fo rm  a t  
451  nm and m ixed m .p .  2 7 7 ° .
The p u r i t y  o f  t h e  dye was ch eck ed  by e l u t i n g ,  
w i th  b e n z e n e ,  a sam ple  s p o t t e d  o n to  s i l i c a  g e l ,  c o a te d  
on f i l m  b a s e ,  when t h e  dye t r a v e l l e d  as  one s p o t .
A sam ple ( 0 . 2 g )  o f  t h e  dye was d i s s o l v e d  i n  
d ry  b en zen e  (5  m l)  and  d ry  h y d ro g e n  c h l o r i d e  was p a s s e d  
i n t o  th e  s o l u t i o n .  S in c e  no s o l i d  s e p a r a t e d ,  t h e  b en zen e  
s o l u t i o n  was c o n c e n t r a t e d ,  and  t h e  c r y s t a l l i n e  r e s i d u e  
was r e c r y s t a l l i s e d  from  m e th a n o l .  The p r o d u c t  was shown 
t o  be  t h e  s t a r t i n g  dye by an  u n d e p r e s s e d  m ixed m.p,. 2 7 7 ° 
and  Xmax i n  c h lo ro fo rm  a t  451 nm,
A sam ple  o f  t h e  dye ( l „ 2 g )  was ad d ed  to  a 
s o l u t i o n  o f  p o ta s s iu m  h y d ro x id e  ( 0 . 4 g )  i n  m e th a n o l  (25m l) 
and  t h e  m ix tu re  was s t i r r e d  u n t i l  a l l  t h e  dye h a d  d i s s o l v e d ,  
The s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  10 m in ,  and  t h e  
m e th a n o l  was d i s t i l l e d  o f f .  The p a l e  y e l lo w  s o l i d  r e s i d u e
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was r e c r y s t a l l i s e d  from  m e th a n o l  t o  g iv e  a lm o s t  c o l o u r l e s s  
n e e d l e s  ( 0 . 4 g )  o f  t h e  d ip o ta s s iu m  s a l t  o f  b i s ( l , 3 - d im e th y l -  
h e x a h y d ro - 2 , 4 , 6 - t r i o x o - 5 - P v r i m i d i n e ) - l - h y d ro x y - 3 - m e th y l -  
t r im e t h i n e o x o n o l  (Pound; K ,1 6 * 9 .  ^ a q u i r e s
K, 1 7 . 2%). By a c i d i f i c a t i o n  o f  t h e  aqueous  s o l u t i o n  w i th  
a c e t i c  a c i d ,  t h e  s a l t  was c o n v e r t e d  i n t o  t h e  s t a r t i n g  d y e ,  
m ixed  m .p .  277°? and  Xmax (CHC^^) a t  451 nm.
The dye was s t u d i e d  by e l e c t r o p h o r e s i s  on p a p e r  
u s in g  a s o l u t i o n  o f  sodium  h y d ro g e n  p h t h a l a t e  ( 5s )  i n  
m e th a n o l  ( 5  m l)  and w a te r  (9 0  m l)  a s  th e  e l e c t r o l y t e .
D u r in g  2 h r  a t  320 v o l t s ,  t h e  t e s t  dye d i d  n o t  move, 
w h ereas  t h e  t r i m e t h i n e o x o n o l  d e r i v e d  from  1 , 3 - d im e th y l -  
b a r b i t u r i c  a c i d  moved to w a rd s  th e  an o d e .
C o n d e n s a t ion  o f  l , 3 - d i e t h y l - 2 - t h i o b a r b i t u r i c  a c i d  w i th  
e t h y l  o r t h o a c e t a t e
( i )  l , 3 - D i e t h y l - 2 - t h i o b a r b i t u r i c  a c i d  (2 0 g )  and  e t h y l
o r t h o a c e t a t e  (2 5  m l)  w ere h e a t e d  u n d e r  r e f l u x  f o r  45 m in  and  
t h e  m ix tu re  was t h e n  c h i l l e d .  The brown s o l i d  w hich  
s e p a r a t e d  was c o l l e c t e d ,  w ashed w i th  e t h a n o l  and  r e c r y s t a l l i s e d  
from  e t h a n o l  to  g iv e  t h e  p r o d u c t ,  ( 4 .5 g ?  20% ), 1 , 3 - d i e t h y l -  
7“ ( 1 , 3 - d i e t h y l - h e x a h y d ro - 4 , 6 - d io x o - 2 - t h i o x o p y r i m i d i n - 5 -  
y l i d e n e ) - l  , 2 ,3  , 4 - t e t r a h y d r o - 5 - m e th y l - 2 - t h i o x o -7 H -p y ra n o  
[ 2 , 3 - d ] p y r im i d i n e - 4 - one (9 4 ;  R = e th y l ,  X=S) a s  y e l l o w i s h -  
brown n e e d l e s ,  m .p .  200° (Pound: 0 , 5 3 . 8 ; H , 5 .5 j  N ,1 2 .4 5 ;  
8 ,1 4 ,2 % ; m/e 4 4 8 .  r e q u i r e s  0 , 5 3 «5; H ,5 » 4 ;
N ,1 2 .5 ;  8 ,1 4 .3 % ; M,4 4 8 ) .  The dye had  Tonax i n  e t h a n o l
a t  4 7 5  nm and  was f l u o r e s c e n t  i n  u l t r a v i o l e t  l i g h t .
The dye was shown to  be p u re  by e l u t i n g ,  w i th
b e n z e n e ,  a  sam ple  s p o t t e d  o n to  s i l i c a  g e l  c o a t e d  on f i l m
b a s e  when t h e  dye t r a v e l l e d  a s  one s p o t .
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E l e c t r o p h o r e s i s  on p a p e r  showed t h e  dye t o  be 
u n c h a rg e d .  W ith  sodium  h y d ro g e n  p h t h a l a t e  a s  e l e c t r o l y t e  
a t  320  v o l t s  f o r  2 h r ,  t h e  t e s t  dye d i d  n o t  move, w hereas  
t h e  t r i m e th in e o x o n o l  from  1 , 3 - d i e t h y l “ 2 - t h i o b a r b i t u r i c  
a c i d  moved to w a rd s  th e  anode^
A m ix tu r e  o f  t h e  dye ( 0 . 2 2 g ) ,  m e th a n o l  (3 m l) 
and  aqueous  p o ta s s iu m  h y d ro x id e  (2 m l, 2%) was s t i r r e d  u n t i l  
t h e  dye h ad  d i s s o l v e d  when- th e  s o l u t i o n  became c o l o u r l e s s .
The s t a r t i n g  dye was r e c o v e r e d  when th e  s o l u t i o n  was 
a c i d i f i e d  w i th  a c e t i c  a c i d .  T h is  was shown by m ixed m .p .  
2 0 0 ° ,  and Xmax i n  e t h a n o l  a t  4-75 nm.
A sam ple ( O . l g )  o f  t h e  dye d i s s o l v e d  i n  con­
c e n t r a t e d  p e r c h l o r i c  a c i d  (2  m l) was r e c o v e r e d  when th e  
s o l u t i o n  was d i l u t e d  w i th  w a te r  (50 m l ) .  T h is  was shown 
by  th e  m ixed m .p .  200° and  Xmax i n  e t h a n o l  a t  4-75 am.
( i i )  l , 3 - D i e t h y l - 2 - t h i o b a r b i t u r i c  a c i d  (4-g), e t h y l
o r t h o a c e t a t e  (5  m l)  and  p y r i d i n e  (10 m l)  w ere h e a t e d  
u n d e r  r e f l u x  f o r  5 m in .  The r e d  s o l u t i o n  was c h i l l e d  and 
dye c r y s t a l s  were d e p o s i t e d .  These were c o l l e c t e d  and 
a f u r t h e r  amount was o b t a i n e d  by a d d in g  e t h e r  (4-0 m l)  
t o  t h e  p y r i d i n e  f i l t r a t e .  The com bined c ro p s  o f  c r y s t a l s  ( i g )  
w ere r e c r y s t a l l i s e d  tw ic e  from  t h e  e th a n o l  and  t h e n  from  
e t h y l  a c e t a t e  t o  g iv e  t h e  p r o d u c t  (9 3 ;  R = e th y l ,  X=S) b i s  
( 1 , 3 - h i e t h y l - h e x a h y d ro -4-, 6 - d io x o - 2 - t h i o x o - 5 - p y a i m i d i n e ) - 1 -  
e th o x y - 3 - m e th y l t r im e th in e o x o n o l  py r i d i n a t e , a s  r e d  n e e d l e s ,  
m .p .  154°  (Fo\md: 0 , 5 6 . 4 ;  H ,6 .5 ;  N ,1 2 .4 ;  8 , 1 0 . 9 .
Ogi^H^^N^O^Sg r e q u i r e s  0 ,5 6  = 5 ; H ,6 .1 ;  N ,1 2 .2 ;  8 ,1 1 .2 % ) ,
Xmax ( e t h a n o l )  4-94-, ( p y r i d i n e )  504 , ( w a te r )  480 nm. The 
dye became s t i c k y  on s t o r a g e  and r a p i d l y  f a d e d  i n  aqueous  
s o l u t i o n .
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A c t io n  o f  ammonia on 7 - ( k e x a h y d r o - 1 , 5 - " d im e th y l-2 , 4 , 6 -  
t r i o x o p y r i m i d i n - 3 - y l i d . e n e ) - l  , 2 , 3 , 4 - t e t r a b y d r o - l , 3 , 5 -  
t r im e th y l - 7 H - p y r a n o  [ 2 , 5 - d ]  p y r im i d i n e - 2 , 4 - d io n e
A m ix tu r e  o f  7 - (k e x E L ] ]y d ro - l ,3 -d im e th y l -2 , 4 , 6 -  
t r i o x o p y r i m i d i n - 5 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - l  , 3 , 5 -  
t r i m e t h y l - 7 H - p y r a n o [ 2 ,3 - d ] p y r i m i d i n e - 2 , 4 - d i o n e  ( 0 . 5 g ) , 
m e th a n o l  (40  m l)  and  ammonia ( 0 . 8 8 0 ,  20 m l)  was s t i r r e d  
u n t i l  t h e  dye h ad  d i s s o l v e d .  The s o l u t i o n  was h e a t e d  u n d e r  
r e f l u x  f o r  1 h r  and  th e n  t h e  m e th a n o l  and e x c e s s  ammonia 
w ere rem oved by  d i s t i l l a t i o n  to  l e a v e  a  p a l e  y e l lo w  
r e s i d u e  w hich  was r e c r y s t a l l i s e d  from  b e n z e n e  to  g iv e  t h e  
p r o d u c t ,  ( 0 . 2 g ,  40%), 1 , 2 , 3 , 4 , 7 , 8 -h e x a h y d ro ° 7 - ( h e x a h y d ro - 1 ,3- 
d im e th y l - 2 9 4 , 6 - t r i o x o p y r i m i d i n - 3 - y l i d e n e ) - l ,3  9 3 - t r i m e t h y l -  
p y r id o  [ 2 , 3 - d ] p y r im i d i n e - 2  , 4 - d i o n e , ( 9 7 ) ,  a s  t i n y  p a l e  
y e l lo w  n e e d l e s ,  m . p . ^  330° (Pound; 0 , 5 3 «4 ;  H ,4 o 7 3 j  
N ,19 .9% ; m/e 359= ^ 16®^17^ 5^5 r e q u i r e s  0 ,5 3  = 5; H ,4  = 7; 
îî ,19 .3% ; M ,3 5 9 ) ,  Xmax (CHC^^) 394 nm. The dye was 
h i g h l y  f l u o r e s c e n t  i n  u l t r a v i o l e t  l i g h t .  I t  was s o l u b l e  
i n  aqueous  a l k a l i  and was r e c o v e r e d  on n e u t r a l i s a t i o n .
Condensa t i o n  o f  7 - ( h e x a h y d r o - l , 3 - d i m e t h y l - 2 , 4 , 6 - t r i o x o -  
p y r i m i d i n - 3 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - l , 3 , 3 - t r i m e t h y l -  
7 H - p y r a n o [ 2 ,3 - d ] p y r im id in e - 2 , 4 , d io n e  w i t h  e th y la m in e
( i )  A m ix tu re  o f  7 - ( h e x a h y d ro - 1 , 3 - d i m e t h y l - 2 , 4 , 6 -
t r i o x o p y r i m i d i n - 5 - y l i d . e n e ) - l  , 2 , 3 , 4 - t e t r a h y d r o - l  , 3 , 5 -
t r i m e t h y l - 7 H - p y r a n o [ 2 , 3 - d ] p y r i m i d i n e - 2 ,4 - d i o n e  ( I g ) ,  e t h a n o l
(3 0  m l ) ,  w a te r  (1 0  m l)  and a  s o l u t i o n  o f  e th y la m in e  i n
e t h a n o l  ( 33%, 20  m l)  was h e a t e d  u n d e r  r e f l u x  u n t i l  a l l
t h e  dye h a d  d i s s o l v e d  ( ^ «  3 h r )  = Then t h e  s o l v e n t s  and
e x c e s s  e th y la m in e  w ere rem oved by d i s t i l l a t i o n  t o  l e a v e  a
p a l e  y e l lo w  s o l i d  w h ich  was r e c r y s t a l l i s e d  from  w a te r  t o
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g iv e  -the p r o d u c t  ( 0 . 9 g ,  ? 2%) , 3-  ( 1-  e t h y l  amino e t h y l i d e n e  ) -  
h e x a h y d ro - 1 , 3 - d im e th y lp y r im id in e - 2 , 4 , 6 - t r i o n e , (9 8 ;  X=0,
R = m eth y l) ,  a s  c o l o u r l e s s  n e e d l e s ,  m .p .  153° (Pound; 0 , 5 5 .5 ;
N,18.7% ; m /e 225 . ^ i o % 5^ 3^3 r e q u i r e s  0 , 5 5 . 5 ,
E , 6 . 7 ;  R,18o7%; M ,2 2 5 ) ,  Xmax (MeOH) 302 nm.
( i i )  The above e x p e r im e n t  was r e p e a t e d  e x c e p t  t h a t
w a te r  was o m i t t e d  and t h e  c ru d e  m a t e r i a l  was tw ic e  
r e c r y s t a l l i s e d  f rom  m e th a n o l  t o  g iv e  t h e  p u re  p r o d u c t  
( I g ,  80%), m .p .  1 6 5 ° .  Mass s p e c t r o m e t r i c  m easurem ent and 
m ixed m .p ,  ( 1 6 5 ° )  showed i t  t o  be i d e n t i c a l w i t h  th e  
p r o d u c t  i s o l a t e d  by  m ethod  ( i ) .
H y d r o l y s i s  o f  3 - ( 1 - e t h y l a m i n o e t h y l i d e n e ) - h e x a h y d r o - l , 3 -  
dime th y  l p y r i m i d i n e - 2  , 4 , 6 - t r i o n e
A m ix tu re  o f  5 - ( l - e t h y l a m i n o e t h y l i d e n e ) - h e x a h y d r o -
l , 3 - d i m e t h y l p y r i m i d i n e - 2 , 4 , 6 - t r i o n e  ( l . l g ) , w a te r  (1 0  m l)  
and sodium h y d ro x id e  s o l u t i o n  (40%, 0 . 5  m l)  was h e a t e d  
u n d e r  r e f l u x  f o r  30  m in ,  d u r in g  w hich  e th y la m in e  was 
e v o lv e d .  The s o l u t i o n  was c o o le d ,  a c i d i f i e d  w i th  h y d r o ­
c h l o r i c  a c i d  and th e  p r e c i p i t a t e  ( 0 . 9 1 g , 92%) was c o l l e c t e d  
and  r e c r y s t a l l i s e d  t o  g iv e  5 - 6L c e ty l - l  , 3 - d i m e t h y l b a r b i t u r i c  
a c i d  a s  t i n y  p a l e  y e l lo w  n e e d l e s ,  m .p .  9 7 -9 8 °  (Pound;
0 , 4 8 .7 ;  H ,5 .1 ;  N ,14.0% ; m /e 198 . O a lc .  f o r  OgH^QNgO^  ^
0 , 4 8 .5 ;  H ,5 .0 ;  H , 14.1%; M, 1 9 8 ) .  The m .p .  o f  a  m ix tu re  
o f  t h i s  p r o d u c t  w i th  t h a t  p r e p a r e d ^ b y  t r e a t i n g  1 , 3 -  
d i m e t h y l b a r b i t u r i c  a c i d  w i t h  a c e t i c  a n h y d r id e  was u n d e p r e s s e d  
(m .p .  9 7 ° ) .
A c t io n  o f  e th y la m in e  on 1 , 3 - d i e t h y l - 7 - ( l , 5 - d i e t h y l - h e x a -  
h y d r o - 4 , 6 - d i 0 X 0 - 2 - t h i o x o p y r i m i d i n - 3 - y l i d e n e ) - l  , 2 , 3 , 4 - t e t r a -  
h y d ro -  3°me th y  1 - 2 - th io x o -7 H - p y r  ano [ 2 , 3 -d ]  p y r  i m i d i n e - 4 - o n e
A m ix tu re  o f  1 , 3 - d i e t h y l - 7 - ( l , 5 - d i e t h y l - h e x a h y d r o -
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4 9 5“ d io x o -2 - th io x o p y r im id i rL “ 5“y l i d e n e ) ~ l  , 2 , 3 , 4 - t e t r a h y d r o -  
5-me t h y l -  2 - 1 h i  oxo -7H -pyr  ano [ 2 ,3 - d ]  p y r  im i d in e  - 4 -  one ( 94 ;
R = e t h y l , X=S) ( i g ) ,  e t h a n o l  (10 m l) and a s o l u t i o n  o f  
e th y la m in e  i n  e t h a n o l  ( 35%, 15  m l)  was h e a t e d  u n d e r  r e f l u x  
f o r  3 h r .  The s o l u t i o n  was c o n c e n t r a t e d ,  and  th e  r e s i d u e  
was t r e a t e d  w i th  w a te r  (5 0  m l)  w hich  c a u s e d  t h e  s e p a r a t i o n  
o f  an  o i l  w h ich  r a p i d l y  s o l i d i f i e d .  T h is  s o l i d  was 
c o l l e c t e d  and r e c r y s t a l l i s e d  tw ic e  from  m e th a n o l  to  g iv e  
t h e  p r o d u c t  ( 0 .9 4 g  78%), l , 3 - d i e t h y l - 5 - ( l - e th y la m in o -  
e t h y l i d e n e ) - h e x a h y d ro - 2 - t h i  o x o p y r im i d in e - 4 , 6- d i o n e ,  ( 9 8 ;
X=S, E = e th y l )  a s  t i n y  c o l o u r l e s s  n e e d l e s ,  m.po 113°
(Pound: 0 , 5 5 .6 ;  H ,7 .2 ;  E , 1 5 .5 ;  8 ,1 1 .9 % ; m /e 269.
^ 12% 9^ 3®2^ r e q u i r e s  0 ,5 5 * 5 ;  H ,7 . 1 ; # , 1 5 . 6 ; 8 , 1 1 . 9%;
M ,269) .
A tte m p te d  c o n v e r s io n  o f  1 , 3 - d i  e t h y l - 5 - ( 1 - e th y la m in o  e t h y l i d e n  e ). 
h e x a h y d r  o- 2 - t h i  o x o p y r im id in e - 4 , 6 - d i  one i n t o  3 - a c e t y l - l , 3 -  
d i  e t h y l - 2 - t h i o h a r h i t u r i  c a c i d
A m ix tu re  o f  l , 3 - d i e t h y l - 5 - ( l - e t h y l a m i n o e t h y l i d e n e ) -
h e x a h y d ro -2 - t h i  oxopyr i m i d i n e - 4 , 6 - d io n e  ( 0 . 5g )  , w a te r  ( 5  m l)
and sodium h y d ro x id e  s o l u t i o n  ( 10%, 1 m l)  was h e a t e d  u n d e r
r e f l u x  f o r  30 m in .  The s o l u t i o n  was th e n  c o o le d  and
t r e a t e d  w i th  h y d r o c h l o r i c  a c i d  when h y d ro g en  s u lp h i d e  was
e v o lv e d  i n d i c a t i n g  t h e  d e c o m p o s i t io n  o f  t h e  t h io p y r i m i d i n e .
A c t io n  o f  a n i l i n e  on 1 , 3 - d i e t h y l - 7 - ( l , 5 - d i e t h y l - h e x a b y d r o -
2 . 4 . 6 - t r i Q x o p y r i m i d i n - 3 - y l i d e n e ) - l , 2 , 3 ,4 - t e t r a h y d r o - 5 - m e t h y l -  
? H -p y ra n o [ 2 , 3 - d ] p y r i m id i n e - 2 ,4 - d i o n e
A m ix tu re  o f  1 , 3 - d i e t h y l - 7 - ( l , 5 - d i e t h y l - h e x a h y d r o -
2 . 4 .6 - t r i o x o p y r i m i d i n - 5 " y l i d e n e ) - “l  , 2 , 3 , 4 - t e t r a h y d r o - 5 - “m e th y l -  
7 H -p y ran o [ 2 , 3 - d ] p y r i m i d i n e - 2 ,4 - d i o n e  ( Ig ) ,  a n i l i n e  ( 1 ,2 5  m l)
131
and  e t h a n o l  (180 m l)  was h e a t e d  u n d e r  r e f l u x  f o r  2 h r .
The s o l u t i o n  was c o o le d  and d i l u t e d  w i th  w a te r  (500 m l)  
and a l lo w e d  to  s t a n d  f o r  12 h r .  The c o l o u r l e s s  s o l i d  w hich  
s e p a r a t e d  was c o l l e c t e d  and  r e c r y s t a l l i s e d  f ro m  m e th a n o l  
t o  g iv e  th e  p r o d u c t  ( 0 . 5 g ,  73% ) ,5- ( 1- a n i l i n o - 3- o x o h u t- 1- e n e ) -
l , 3 - d i e t h y l - h e x a h y d r o p y r im id in e - 2 , 4 , 6 - t r i o n e , ( 1 0 0 ; R = e t h y l ) ,  
a s  c o l o u r l e s s  n e e d l e s ,  m .p .  124 -125°  (Pound; 0 ,6 3 * 2 ;  H ,6 .2 ;
# ,1 2 .5 % ; m/e 343 . ^ ig ^ 2 l ^ 3 ^ 4  a c q u i r e s  0 , 6 3 . 0 ;  H ,6 .1 ;
N, 12.2%; M ,3 4 3 ) ,  Xmax (MeOH) 312 nm,
( i )  A sam ple ( 0 .0 5 g )  o f  th e  r e a c t i o n  p r o d u c t  was 
d i s s o l v e d  i n  sodium  h y d ro x id e  s o l u t i o n  (2  m l ,  10%) a t  1 0 0 ° .
The s o l i d  w hich  s e p a r a t e d  on n e u t r a l i s a t i o n  o f  th e  c o o le d  
s o l u t i o n  w i th  d i l u t e  h y d r o c h l o r i c  a c i d  was shown t o  he  
s t a r t i n g  m a t e r i a l  by  m ixed  m .p .  ( 1 2 4 ° ) .
( i i )  A sam ple ( O . l g )  o f  t h e  r e a c t i o n  p r o d u c t  was 
d i s s o l v e d  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (2  m l ) .  S t a r t i n g  
m a t e r i a l  was r e c o v e r e d  when th e  s o l u t i o n  was d i l u t e d  w i th  
w a te r  (20 m l ) .  T h is  was shown by  m ixed m .p .  ( 1 2 5 ° ) .
( i i i )  A sam ple ( O . l g )  o f  t h e  r e a c t i o n  p r o d u c t  was 
r e f l u x e d  i n  a c e t i c  a n h y d r id e  (1  m l)  f o r  10 m in .  The 
c o l o u r l e s s  s o l i d  w hich  p r e c i p i t a t e d  on c o o l in g  and  d i l u t i n g  
t h e  s o l u t i o n  w i th  w a te r  (1 5  m l)  was fo u n d  t o  be  s t a r t i n g  
m a t e r i a l  by m ixed m .p .  ( 1 2 4 ° ) .
( i v )  No h y d ra z o n e  was fo rm ed  when th e  k e to n e  ( O . l g )  
was h e a t e d  w i th  2 , 4 - d i n i t r o p h e n y i h y d r a z i n e  h y d r o c h l o r i d e  
( 0 .0 8 g )  i n  e th a n o l  (2  m l)  f o r  15 m in .  I n s t e a d  t h e  s t a r t i n g  
m a t e r i a l s  were r e c o v e r e d .
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A c t io n  o f  a n i l i n e  on 1 , 2 , 3 ^ 4 - te t ra h y c L ro -7 -C lie x a h .y d ro - l , 3 -  
d i m e t h y l - 2 , 4 , 6 - t r i o x o p y r i m i d i n - 3 - y l i d e n e ) - l , 3 , 3 - t r i m e t h y l -  
7H -pyrano  [ 2 , 3 -d ]  p y r im i d i n e - 2 ,4 - d io n e
A m ix tu r e  o f  1 , 2 , 3 , 4 - t e t r a h y d r o - 7 - ( h e x a h y d r o - l ,
3 - d i m e t h y l - 2 , 4 , 6 - t r i o x o p y r i m i d i n - 5 - y l i d e n e ) - l , 3 , 5 - t r i m e t h y l -  
7 H -p y ra n o [ 2 ,3 - d ] p y r i m i d i n e - 2 ,4 - d i o n e  ( I g ) ,  a n i l i n e  (1  m l) 
and  e t h a n o l  (75  ml ) was h e a t e d  u n d e r  r e f l u x  f o r  3 h r .
The s o l u t i o n  was c o o le d ,  d i l u t e d  w i th  w a te r  (80  m l) and 
s u f f i c i e n t  d i l u t e  s u l p h u r i c  a c i d  was added  t o  make th e  
s o l u t i o n  a c i d .  The p r e c i p i t a t e  ( 0 . 8  g )  was c o l l e c t e d  and 
r e c r y s t a l l i s e d  from  m e th a n o l  t o  g iv e  3 - ( l - a n i l i n o - 3 -  
o x o b u t- l - ene ) - h e x ah y  d r  o- l , 3 - d im e th y ip y r im id in e - 2 , 4 , 6 - t r i o n e , 
(1 0 0 ;  R = m eth y i) ,  a s  c o l o u r l e s s  n e e d l e s ,  m .p ,  16 7 -1 6 8 °
(Pound; 0 , 6 1 . 1 ;  H ,5 .5 ;  # ,1 3 .3 % ; m/e 315= ^16^17^3^4
r e q u i r e s  0 , 6 1 .0 ;  H ,5 .4 ;  # ,1 3 .3 % ; M,315)o
P r e p a r a t i o n  o f  l , 2 , 3 , 4 - t e t r a h y d r o - l , 3 , 3 - t r i m e t h y l - 7 H - p y r a n o  
[ 2 , 3 - d ] p y r i m i d i n e - 2 , 4 , 7 - t r i o n e  (8 7 ;  X -0 , Y=H, R^=R^=Z=OH^)
1 ,3 - D i m e t h y I b a r b i t u r i c  a c i d  ( 3 . 1 g )  and  e t h y l
a c e t o a c e t a t e  (3 m l)  were h e a t e d  u n d e r  r e f l u x  f o r  2 h r .
The s o l u t i o n  was c h i l l e d ,  and t h e  s e p a r a t e d  s o l i d  was
c o l l e c t e d  and r e c r y s t a l l i s e d  from  m e th a n o l  t o  g iv e  th e
p r o d u c t  ( 0 . 9 g ,  20%) a s  y e l lo w  p r i s m s ,  m .p ,  195° (Pound;
0 , 5 4 .2 ;  H ,4 .5 ;  # ,  12.5%; m /e 222. ‘^ io % 0 ^ 2 ^ 4  ^ ^ S u i r e s
0 , 5 4 .1 ;  H ,4 .5 ;  # ,1 2 .6 % ; M ,2 2 2 ) .
O o n d e n sa t io n  o f  1 , 2 , 3 , 4 - t e t r a h y d r o - l , 3 ,5 - ‘t r im e t h y l - 7 H -  
p y r a n o [ 2 , 3 - d ] p y r i m i d i n e - 2 , 4 , 7 - t r i o n e  w i th  a n i l i n e
( i )  A m ix tu re  o f  1 , 2 , 3 , 4 - t e t r a h y d r o - l , 3 , 5 - t r i m e t h y l -
7H -pyrano [ 2 , 3 - d ] p y r i m i d i n e - 2 , 4 , 7 - t r i o n e ( 0 . 5 g ) , a n i l i n e
( 0 . 2 g )  and e th a n o l  (20  m l) was h e a t e d  u n d e r  r e f l u x  f o r  2 h r .
The p a l e  y e l lo w  s o l i d  ( 0 . 2 3 g ) ,  m .p .  1 9 4 ° ,  w hich  s e p a r a t e d  on
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c o o l i n g  t h e  m ix tu re  was shown to  he  t h e  p y r a n o [ 2 , 3 ,d ]  
p y r im id in e  s t a r t i n g  m a t e r i a l  by i t s  h a v in g  m .p .  194° 
undepressed by a sam ple  o f  th e  a u t h e n t i c  compound . A 
f u r t h e r  amount ( 0 ,0 8 g )  o f  th e  s t a r t i n g  m a t e r i a l  was 
r e c o v e r e d  on c o n c e n t r a t i o n  o f  th e  r e a c t i o n  m i x t u r e , w hich
. I .a l s o  c o n ta in e d  a n i l i n e .
( i i )  A m ix tu r e  o f  l , 2 , 3 , 4 - t e t r a h y d r o - l , 3 , 5 - t r i m e t h y i .
7 H -p y ra n o [2 , 3 , d ] p y r i m i d i n e - 2 , 4 , 7 “ t r i o n e  ( 0 . 3 g ) ,  a n i l i n e  
( 0 . 2 g )  and amyl a l c o h o l  (20 m l)  was h e a t e d  u n d e r  r e f l u x  
f o r  1 .5  h r .  The s o l i d  ( 0 .2 2 g 9 ,  m .p .  1 9 3 .5 ° ,  w h ich  
s e p a r a t e d  on c o o l i n g  t h e  s o l u t i o n ,  was shown t o  be  t h e  
p y ranoC 2 , 3“ d ] p y r im id in e  s t a r t i n g  m a t e r i a l  b y  m ixed  m .p .  
( 1 9 3 . 5° ) .  Amyl a l c o h o l  (15  m l)  was d i s t i l l e d  f ro m  t h e  
r e a c t i o n  m i x t u r e ,  and t h e  r e s i d u a l  o i l  was c o o l e d .  The 
b u f f  c r y s t a l s  ( 0 . 0 4 g ) ,  w hich  s e p a r a t e d  w ere 1 ,5 -â . im e th y l  
b a r b i t u r i c  a c i d ,  m .p .  121° u n d e p r e s s e d  by  t h e  a u t h e n t i c  
compound. The r e s i d u a l  o i l  a l s o  c o n ta in e d  a n i l i n e .
Ac t i o n  o f  t r i e  th y  la m in e  on 1 , 3 - d i e t h y l - - 7 - ( l  , 3 - d i e t h y l -  
h e x a h y d r o - 2 , 4 , 6 - t r i o x o n y r i m i d i n - 3 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r a -  
h y d rQ -5 -m e th y l-7 H -p y ra n o [ 2 , 3 - d ] p y r i m i d i n e - 2 ,4 - d i o n e
l , 3 - D i e t h y l - 7 - ( l , 3 - & i e t h y l - h e x a h y d r o - 2 , 4 , 6 -
t r i o x o p y r i m i d i n - 5 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - 5 - m e t h y l -
7 H - p y ra n o [ 2 ,3 ~ d ] p y r im id in e - 2 ,4 - d io n e  ( 0 . 5 g )  was h e a t e d
u n d e r  r e f l u x  i n  e t h a n o l  (20  m l) and t r i e t h y l a m i n e  (1  m l)
was ad d ed .  The h e a t i n g  was c o n t in u e d  f o r  15 m in ,  d u r in g
w hich  t h e  c o lo u r  o f  t h e  s o l u t i o n  changed  from  y e l lo w  to
o ra n g e .  The s o l u t i o n  was c h i l l e d ,  a c i d i f i e d  w i th  a c e t i c
a c i d ,  and  d i l u t e d  w i th  w a te r  (5 0  m l)  when an  o ra n g e  s o l i d
s e p a r a t e d .  The dye was e x t r a c t e d  i n t o  c h lo r o fo r m ,  b u t
i t  f a d e d  r a p i d l y .
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A ction , o f  t r i e t h y l a m i n e  on 1 , 3 - d i © t h y l - 7-(3r ? 3- d i e t h y l - ,  
h e x a h y d r o -4 g 6 -d . i0X0- 2- t h i o x o n y r i m i ( l i n - 5 - y l i d e n e ) - l , 2 , 3 94- 
t e  t r a b y d r o -  3 -m e th y l-2 - th io x o -7 H --p y ra n o  [ 2 ,  3 ^ . .1 p y r i m i d i n e - 4 -  
one
A m ix tu r e  o f  l ,3 ™ & ie th y l-7 ™ ( l9 3 -& ie th y l -h e x a -  
h y d r o - 4 , 5 - d i o x o - 2 - t h i o x o p y r i m i d i n - 5 “’y l i â .© n e ) - l  , 2 , 3 , 4 -  
t e t r a h y d r o - 5 - m e t h y l - 2 - t h i o x o - 7 H - p y r a n o  [ 2 , 3 - d l p y r i m i d i n e -
4 -o n e  (O o5g),  e t h a n o l  (2 5  m l)  and  t r i e t h y l a m i n e  (1  m l) 
was h e a t e d  u n d e r  re f lu 3 c  f o r  20 m in d u r in g  w hich  th e  
s o l u t i o n  chan g ed  from  o ra n g e  t o  m ag en ta  i n  c o l o u r .
The s o l u t i o n  was c h i l l e d ,  a c i d i f i e d  w i th  a c e t i c  a c i d ,  
and d i l u t e d  w i th  w a te r  (5 0  m l)  when a r e d  s o l i d  s e p a r a t e d .  
A t te m p ts  t o  e x t r a c t  t h e  dye i n t o  c h lo ro fo rm  w ere n o t  
s u c c e s s f u l  b e c a u s e  t h e  dye f a d e d  r a p i d l y .
Br o m in a t io n  o f  7 - (h ex ah y d r o - 1 , 3 - d i m e t h y i - 2 , 4 , 6 - t r i o x o -  
p y r i m i d i n - 5 - y l i d e n e ) - l , 2 , 3  9 4 - t e t r a h y d r o - l , 3 , 3 - t r i m e t h y l -  
7 H -p y ran o [ 2 , 3 - d ] p y r i m i d i n e - 2 , 4 - d i o n e
( i ) 7 - H e x a h y d r o - l , 3 - d i m e t h y l - 2 , 4 , 6 - t r i o x p y r i m i d i n - 5 -  
y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - l , 3 , 5 - t r im e th y l - 7 H - p y r a n o  
[ 2 ,3 - d ] p y r i m i d i n e - 2 , 4 - d i o n e  (0 » 9 g )  i u  c h lo ro fo rm  (35  m l) 
was t r e a t e d  w i th  b ro m in e  ( 1 . 5 g )  and  th e  s o l u t i o n  was 
h e a t e d  u n d e r  r e f l u x  f o r  5 h r ,  d u r in g  w hich  t im e  h y d ro g en  
b rom ide  was e v o lv e d .  The s o l u t i o n  was e v a p o r a t e d  t o  
d r y n e s s  and  t h e  r e s i d u e  was r e c r y s t a l l i s e d  f ro m  b en zen e  
t o  g iv e  t h e  p r o d u c t  ( 0 . 5 g ,  40%) 5 - d ib ro m o m eth y l- 7 - ( h e x a ­
hy d ro - 1  ,3 “ d i m e t h y l - 2 , 4 , 6 - t r i o x o p y r i m i  di n - 5 - y 1id e n  e ) - 1 , 2 , 3 , 4 -  
t e t r a h y d r o - 1 , 3 - d im e th y l -7H -p y r a n o [ 2 , 3 - d ] p y r im i  d i n e - 2 , 4 -  
d io n e  (1 0 1 ; X=Y=Br, Z=H) a s  t i n y  o ran g e  n e e d l e s ,  m .p .  260° 
(Found: 0 , 3 6 .9 ;  H ,2 .8 ;  B r ,3 0 » 7 ;  N,10.6% ; m/e 516.
^16^14®^2^4^6 0 ,3 7  = 1 ; H ,2 .7 ;  B r ,3 0 o 9 ;  N ,1 0 . 8%;
M ,5 1 6 ) ,  Tanax ( p y r i d i n e )  444 nm.
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( i i )  7 - ( H e x a h y d r o - l , 5 - d i m e t h y l - 2 ,4 ; 6 - t r i o x o p y r i m i d i n -
5 - y i i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - l , 5 , 5 - t r i m e t h y l - 7 H - p y r a n o  
[ 2 ,5 - d ] p y r im id in e ~ 2 ,4 —d io n e  ( 0 . 9 s )  i n  c h lo ro fo rm  (30 m l) 
was t r e a t e d  w i th  a  s o l u t i o n  o f  b rom ine  ( 0 . 4 g )  i n  c h lo ro fo rm  
(10  m l)  and t h e  r e s u l t i n g  s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  
f o r  3 h r ,  d u r in g  w hich  h y d ro g e n  b rom ide  was e v o lv e d .  The 
s o l u t i o n  was e v a p o r a te d  t o  d r y n e s s  and t h e  r e s i d u e  was 
r e c r y s t a l l i s e d  from  b e n z e n e  t o  g iv e  t h e  p r o d u c t  ( 0 . 8 5 g ,
77%)» 5- brom om ethy l- 7 - ( h e x a h y d ro - l , 3 - d im e th y l - 2 , 4 9 6 - t r i o x o -  
p y r im i d i n - 5 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - l , 3 - d im e t h y l -7H - 
p y r a n o [ 2 ,3 " d ] p y r im i d i n e - 2 , 4 - d io n e  (1 0 1 ; X=Y=H, Z=Br) a s  
o ra n g e  l e a f l e t s ,  m .p .  24 0 -2 4 1 °  (Pound: 0 ,4 3 * 5 ;  H ,3*3 ;
B r ,1 8 o 0 ;  N ,l2„6% ; m /e 438* G^^H^^BrN^O^ r e q u i r e s  0 , 4 3 . 7 ,
H ,3 .4 ;  B r , 1 8 ,2 ;  N ,l2„8% ; M ,4 3 8 ) ,  Xmax (MeOH) 440 nm.
S u lp h o n a t io n  o f  7 - ( h e x a h y d r o - l , 3 - d i m e t h y l - 2 9 4 , 6 - t r i o x o -  
p y r i m i d i n - 3 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r ah y d r o - l , 3 , 3 - t r i m e t h y l -  
7H -pyrano  [ 2 , 3 - d ] p y r i m i d i n e - 2 ,4 - d i o n e
7 - (H e x a h y d r o - l  ,3 ““d i m e t h y l - 2 , 4 , 6 - t r i o x o p y r i m i d i n -  
5 - y l i d e n e ) l  , 2 , 3 , 4 - t e t r a h y d r o - l  , 3 , 5 - t r i m e t h y l - 7 H - p y r  ano 
[ 2 , 3 - d ] p y r i m i d i n e - 2 , 4 - d i o n e  ( 3 . 6 g )  was d i s s o l v e d  i n  a 
m ix tu r e  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  (10 m l)  and  oleum 
(20%, 8 m l) and th e  m ix tu r e  was h e a t e d  on a  s tea m  b a t h  
f o r  13 h r .  I t  was t h e n  c o o le d ,  p o u re d  i n t o  w a te r  (200  m l)  
and  th e  s o l u t i o n  was t r e a t e d  w i th  s o l i d  sodium  c a r b o n a t e .  
The p r e c i p i t a t e  was c o l l e c t e d ,  d i s s o l v e d  i n  h o t  e t h a n o l ,  
and  th e  s o l u t i o n  was a c i d i f i e d  w i th  a c e t i c  a c i d .  The dye 
was c o l l e c t e d  eind w ashed w i th  e th a n o l  t o  g iv e  t h e  p r o d u c t , 
( l . 2 g ,  27%) ,7 -(hexahydD0- l  , 3 - d im e th y l - 2 , 4 , 6 - t r i o x o p y r i m i d i n -3- 
y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - l , 3 " d im e th y l - 2 , 4 - d io x o -7H - 
p y r a n o [ 2 , 3 - d ] p y r i m i d i n - 3 -y lm e th y l s u lp h o n ic  a c i d , (1 0 1 ;
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X=YsH, ZsSO^H) a s  t i n y  y e l lo w  n e e d l e s .  (Found; 0 ,4 3 * 3 ;  
H ,3 .3 ;  N ,12o5 ; 8 , 7 . 2 , r e q u i r e s  0 ,4 3 * 7 ;  H ,3=6;
N ,1 2 ,7 ;  8 ,7*3% , Xmax (H^O) 457 nm.
P r e p a r a t i o n  o f  t r i n u c l e a r  dyes  c o n t a i n i n g  t h e  p y ran o  
[ 2 ,3 - d ] p y r i m i d i n e  n u c l e u s
( i )  1 , 3 ° D i e t h y l - 5 -  C3” ( 3 - e th y lb e n z .o x a z o l in - 2 - y l i d e n e  ) 
p r o p - l - e n y l ] - 7 - ( 1 , 3 - d i e t h y l - h e x a h y d ro - 2 , 4 , 6 - t r i o x o p y r i m i d i n -  
5 -y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o -7H -p y r a n o C 2 ,3 -d ]p y r im i d i n e -
2 , 4 - d io n e  (1 0 3 ;  X=0, n = l ,  Anatoms t o  co m p le te  a b e n z o x a z o l in e
n u c l e u s ) .
1 , 3“ D i e t h y l - 7 ” ( 1 , 3“ d i e t h y l - h e x a h y d r 0 - 2 , 4 , 6 - t r i o x o -
p y r i m i d i n - 5 - y l i d e n e ) - l , 2 ,3 , 4 - t e t r a h y d r o - 5 ™ m e t h y l - 7 H -
p y ra n o  [ 2 , 3 - d ] p y r im i  d i n e - 2 , 4 - d i  one ( 0 . 2 g ) ,  2 - 2 ' - a c e t a n i l i d o -
28v i n y l - 3 - e th y lb e n z o x a z o l iu m  i o d i d e  ( 0 . 2 2 g ) ,  e t h a n o l  (5  m l) 
and t r i e t h y l a m i n e  ( 0 . 2  m l)  w ere h e a t e d  u n d e r  r e f l u x  f o r  5 m in .  
The g re e n  c r y s t a l s  w hich  were d e p o s i t e d  on c h i l l i n g  th e  
s o l u t i o n  were c o l l e c t e d  and r e c r y s t a l l i s e d  from  a  m ix tu re  
o f  p y r i d i n e  and  m e th a n o l  t o  g iv e  t h e  p r o d u c t  ( 0 , l 2 g ,  43%), 
a s  d a rk  g re e n  n e e d l e s ,  m .p .  267° (Found; 0 ,6 3 * 7 ;  H ,5»8 ;
N ,11.8% ; m/e 587» O^^H^^N^Oy r e q u i r e s  0 ,6 3 * 4 ;  H ,5»6 ;
# ,1 1 .9 % ; M ,5 8 7 ) , Xmax ( a c e t o n e )  612 nm.
( i i )  193 - D i e t h y l - 5 - [ 5 - ( 3 - e th y l b e n z o x a z o l i n - 2 - y l i d e n e )
p e n t a - l , 3 - d i e n y l l - 7 - ( l 93“ d i e t h y l - h e x a h y d ro - 2 , 4 s6 - t r i o x o -  
p y r i m i d i n - 5- y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - 7H-p y r a n o [ 2 ,3 - d ]  
p y r i m i d i n e - 2 , 4 - d io n e  (1 0 3 ;  X=0, n=2 , A=atoms t o  co m p le te
a b e n z o x a z o l in e  n u c l e u s ) .
1 ,3 ” D i e t h y l - 7 - ( l , 3 “ d i e t h y l - h e x a h y d r o ~ 2 , 4 , 6 -  
t r i o x o p y r i m i d i n - 5 - y i i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - 5 - m e t h y l - 7 H -  
p y r a n o [ 2 , 3 - d ] p y r i m i d i n e - 2 ,4 - d i o n e  ( 0 . 4 g ) ,  2 - 4 b a c e t a n i l i d o -
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b u t a d i e n y l - 3 “ e t h y lb e n z o x a z o l im i  io d id e ^ ^ ^  ( 0 . 4 5 g ) ,  e th a n o l  
(30  m l)  and t r i e t h y l a m i n e  ( 0 . 3  m l)  were h e a t e d  u n d e r  r e f l u x  
f o r  10 m in .  The s o l u t i o n  was th e n  c o o le d  and th e  d a r k  
g r e e n  s o l i d  w h ich  s e p a r a t e d  was c o l le c te d  and washed w i th  
e t h a n o l .  I t  ( 0 .2 8 g ,  47%) was r e c r y s t a l l i s e d  from  a 
m ix tu re  o f  p y r i d i n e  and  e th a n o l  t o  g iv e  t h e  p r o d u c t  a s  
g r e e n  n e e d l e s  w i th  a  b ro n z e  r e f l e x ,  m .p .  173° (Found: 0 ,5 4 .8 ;
H ,3 .8 ;  # ,1 1 .2 % ; m/e 615» ^33^35^5^7 ^ ^ ^ u i r e s  0 , 6 4 .6 ;
H ,5»7 ; # , l l o 4 ^ ;  M ,6 1 3 ) ,  Xmax (0H0^%) 697 nm.
( i i i )  1 ,3“ D i e t h y l - 5 “ (3"-e t h y l b e n z o t h i a z o l i n - 2 - y l i d e n e m e t h y l )- 
7“ ( 1 , 3 - d i e t h y l - h e x a h y d ro - 2 , 4 , 6 - t r i o x o p y r i m i d i n - 3 - y l i d e n e ) -
I , 2 , 3 , 4 - t e t r a h y d r o -7H -p y r a n o [ 2 , 3“ d3p y r im i d i n e - 2 , 4 - d io n e  
(1 0 3 ;  X=0, n= 0 , A=atoms t o  co m p le te  a  b e n z o t h i a z o l i n e
n u c l e u s ) .
1 ,3 “D i e t h y l - 7 ““( l  ,3 “ d i e t h y l - h e x a h y d r o - 2 , 4 , 6 -  
t r i o x o p y r i m i d i n - 3 ™ y l l d e n e ) - l , 2 , 3  , 4 - t e t r a h y d r o - 5 - m e t h y l - 7 H -  
p y r a n o [ 2 , 3 - d ] p y r i m i d i n e - 2 ,4 - d i o n e  ( 0 . 2 g ) , 3 - e t h y i - 2 - e t h y i t h i o -  
b e n z o th ia z o l iu m  t o l u e n e - p - s u l p h o n a t e ^ ^ ^  ( 0 . 2 g ) ,  e th a n o l  
(20  m l)  and t r i e t h y l a m i n e  ( 0 . 2  m l )  were h e a t e d  u n d e r  r e f l u x  
f o r  15 m in , e t h a n e t h i o l  was e v o lv e d .  The m ix tu r e  was 
th e n  c h i l l e d  and th e  s e p a r a t e d  dye was c o l l e c t e d  and  w ashed 
w e l l  w i th  e t h a n o l .  I t  ( 0 .2 5 g  90%) was r e c r y s t a l l i s e d  from  
p y r i d i n e  to  g iv e  t h e  p r o d u c t  a s  b r i g h t  o ra n g e  n e e d l e s , 
m .p .  319° (Found: 0 ,5 9 * 8 ;  H ,5 » 6 ; N , l 2 . 3 ;  8 , 5 . 4 .
^29^31% °5®  ]: 'equire8  0 , 6 0 . 3 ;  H ,5»4 ; N ,1 2 .1 ;  8 ,5 .5 % ) ,
Xmax ( a c e t o n e )  523 nm.
( i v )  1 , 3 - D i e t h y l - 5 - ( l - e t h y l - l , 2 - d i h y d r o q u i n o l i n - 2 -
y l i d e n e m e t h y l ) - 7 - ( l  , 3 - d i e t h y l - h e x a h y d r o - 2 , 4 , 6 - t r i o x o -
p y r im i d i n - 5 - y l i d e n e ) - l * 2 q 3 , 4 - t e t r a h y d r o -7H -p y r a n o [ 2 ,3 - d ]
p y r im id in e - 2 , 4 - d io n e  (1 0 3 ;  X=0, n=0, A=atoms t o  c o m p le te
a d ih y d r o q u in o l in e  n u c l e u s ) .
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1 ,3 “D i e t h y l - 7 “- ( l  » 5 " d ie th y l -h e x a h y  drO“ 2 , 4 , 6 -  
t r i o x o p y r i m i d i n - 5 “y l i d e n e ) - l  , 2 , 3 , 4 - t e t r a h y d r o - 5 “m e th y l -  
7H“P y n a n o [ 2 53 - d ] p y r i m i d i n e - 2 , 4 - d i o n e  ( 0 . 4 g ) ,  1 - e t h y l -  
2 - io d o q u in o l in iu m  i o d i d e “ ( 0 . 4 g ) ,  e t h a n o l  (50  m l) and 
t r i e t h y l a m i n e  ( 0 . 3  m l )  w ere h e a t e d  u n d e r  r e f l u x  f o r  15 
m in .  The m ix tu r e  was t h e n  c h i l l e d  and t h e  dye w hich  had  
s e p a r a t e d  was c o l l e c t e d .  I t  was r e c r y s t a l l i s e d  from  
e t h a n o l  t o  g iv e  t h e  p r o d u c t  ( 0 . 3 5 g ,  64%) a s  d a r k  r e d  
f l u f f y  n e e d l e s ,  m .p .  263° (Found: 0 , 6 4 .9 ;  H ,5 » 9 ;
N ,12.5% ; . m /e 571° r e q u i r e s  0 ,6 5 * 2 ;  H ,5 ° 8 ;
N ,12.3% ; M ,5 7 l ) ,  Xmax (EtOH) 559 nm.
( v )  1 , 3 - D i e t h y l - 5 - ( 3 - e t h y l h e n z o t h i a z o l i n - 2 - y l i d e n e -
m e th y l ) - 7 - ( l 93 - d i e t h y l - h e x a h y d ro - 4 , 6 - d io x o - 2 - t h i 0 X 0 -  
p y r im id in - 5 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - 2 - t h io x o -7H -p y ran o  
[ 2 , 3 - d ] p y r im id in e - 4 - one (1 0 3 ; X=S, n=0 , A=atoms t o  co m p le te  
a b e n z o t h i a z o l i n e  n u c l e u s ) .
1 , 3 - D i e t h y i - 7 - ( 1 , 3 - d i e t h y l - h e x a h y d r o - 4 , 6 - d io x o -  
2- t h i o x o p y r i m i d i n - 5 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o - 5 - m e t h y l -  
2 - th io x o - 7 H - p y ra n o [ 2  ,3 - d ] p y r i m i d i n e - 4 - o n e  ( 0 . 3 4 g ) ,  3 -  
e t h y l - 2 - e t h y l t h i o b e n z o t h i a z o l i u m  to lu e n e - p - s u lp h q n a te ^ ® ^  
( 0 . 2 g ) ,  e th a n o l  (30 m l)  and  t r i e t h y l a m i n e  were h e a t e d  
u n d e r  r e f l u x  f o r  15 m in .  The m ix tu re  was c h i l l e d  and t h e  
s e p a r a t e d  dye was c o l l e c t e d .  I t  was r e c r y s t a l l i s e d  from  
p y r i d i n e  and  th e  p u r i f i e d  dye was su sp en d ed  i n  b o i l i n g  
m e th a n o l  (5 0  m l ) ,  r e c o l l e c t e d ,  and f i n a l l y  w ashed  w i th  
m e th a n o l  to  g iv e  t h e  p r o d u c t  ( 0 .1 2 g ,  26%) a s  r e d  n e e d l e s ,  
m .p .  333° (Found: 0 ,5 7 * 5 ;  H ,5*3 ; # , 1 1 . 3 ;  8 , 1 5 . 6 .
*^29^31^5^4^3 r e q u i r e s  0 , 5 7 .1 ;  H ,5 * l ;  # ,1 1 * 5 ;  S ,1 5 °8 % ),
Xmax ( p y r i d i n e )  548 nm.
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( v i )  1 9 3 - D i e t h y l - 3 ° ( l “ e t h y l -^ l, 2 - d i h y d r o q u i n o l i n - 2 -
y l id e n e m e th y l  ) - 7 -  ( 1 s 3 ° d i e t h y l - h e x a h y d r o -4-, 6 - d io x o - 2 - th io x O “- 
p y r im i  d i n - 3 - y l i  d e n e ) - 1 , 2 , 3 , 4 - 1 e t r a h y d r o - 2 - t h i o x o -7H - 
p y r a n o [ 2 , 3 - d ] p y r im i d i n e - 4 - one (1 0 3 ;  X^S, n= 0 , A=atoms 
t o  c o m p le te  a  d i h y d r o q u i n o l i n e  n u c l e u s ) .
l , 3 - D i e t h y l - 7 - ( l ) 3 - & i e t h y l - h e x a h y d r o - 4 , 6 - d i o x o -  ' 
2 - th i o x o p y r i m i d i n - 5 - y l i < i e n e ) “ l , 2 , 3 , 4 - t e t r a h y d r o - 5 - m e t h y l -  
2 - th io x o - 7 H - p y r a n o [ 2 , 3 - d ] p y r im id in e - 4 - o n e  ( 0 . 4 5 g ) ,  1 - e t h y l -  
2 - io d o - q u in o l in iu m  i o d i d e ^  (0 * 4 g ) ,  e t h a n o l  (50  m l)  and 
t r i e t h y l a m i n e  ( 0 . 3  m l)  were h e a t e d  u n d e r  r e f l u x  f o r  15  
m in .  The m ix tu re  was t h e n  c h i l l e d ,  and th e  dye was c o l l e c t e d  
and  washed w i t h  e t h a n o l .  I t  was r e c r y s t a l l i s e d  f ro m  
p y r i d i n e  t o  g iv e  t h e  p r o d u c t  ( 0 . 2 5 g ,  43%) a s  t i n y  p u r p l e  
n e e d l e s ,  m .p .  277° (Found; 0 , 6 1 .9 ;  H ,5 * 7 ; # , 1 1 . 2 ;  8 , 1 0 . 8 .
S l^ 3 3 ^ 5 ° 4 ® 2  ^^'equires 0 , 6 1 . 7 ;  H ,5*5 ; # ,1 1 * 6 ;  8 ,1 0 .6 % ) ,
Xmax ( p y r i d i n e )  590 nm.
P r e p a r a t i o n  o f  5 - ( 2 - a n i l i n o v i n y l ) - 7 - ( h e x a h y d r o - l , 3 -
dime th y  1 -  2 , 4 , 6 - t r i o x o p y r i m i  d i n - 5 - y l i d e n e ) - l , 2 , 3 , 4 - t e t r a h y d r o -
1 , 3 -d im e th y l - 7 H - p y ra n o [ 2 , 3 - d ] p y r i m i d i n e - 2 , 4 - d i o n e  (1 0 4 ;  Z=H)
7 -  (H e x a h y d ro -1 , 3 - d i m e t h y l - 2 , 4 , 6 - t r i  o x opyr  i m i d i n -
5 - y l i d e n e ) - l  , 2 , 3 , 4 - t e t r a h y d r o - l  , 3 ,5 “ t r i m e t h y l - 7 S “Pynano 
[ 2 ,3 - d ] p y r i m i d in e - 2 ,4 = d i o n e  ( 0 . 8 g )  and e t h y l  i s o f o r m a n i l i d e  
( 1 ,5  m l) were s t i r r e d  t o g e t h e r  and  h e a t e d  u n d e r  r e f l u x  u n t i l  
t h e  s o l i d  m a t e r i a l  h ad  d i s s o l v e d  ( £ a .  3 m in ) .  A r e d  s o l i d  
s e p a r a t e d  from  t h e  h o t  miDcture . E th a n o l  (20  m l)  was added  
to  t h e  s u s p e n s io n ,  t h e  s o l i d  was c o l l e c t e d  and  washed w i th  
e t h a n o l .  I t  ( 0 .8 5 g ,  83%) was r e c r y s t a l l i s e d  from  e t h a n o l  
t o  g iv e  th e  p r o d u c t  as t i n y  r e d  n e e d l e s ,  m .p .  2 9 6 -2 9 7 °
(Found; 0 , 5 9 .3 ;  H ,4 .7 ;  N ,14.9% ; m /e 4 6 3 .  
r e q u i r e s  0 , 5 9 . 6 ;  H ,4 .5 ;  # ,1 5 .1 % ; M ,4 6 3 ) .
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P r e p a r a t i o n  o f  3 - C 2 - a c e t a n i l i d o v in y l ' ) - 7 ° ‘C h ex a h y d ro - l  , 3 -  
d i m e t h y l - 2 , 4 , 6 - t r i o x o p y r i m i d i n - 3 - y l i d e n e ) - l , 2 ,3  s 4 - t e t r a -  
h y d r o - 1 , 3 -~d im ethy l-7H -pyrano  [ 2 , 3“ d ] p y r i m i d i n e - 2 ,4 - d io n e  
(1 0 4 ;  Z = a c e ty l )
3“ ( 2 - A n i l i n o v i n y l  ) - 7 “ (h e x a h y d r  0- 1 ,3  “ d i m e t h y l - 2 , 
4 g 6 - t r i o x o p y r i m i d i n - 5 - y l i d e n e ) - l  , 2 , 3 , 4 - t e t r a h y d r o - l , 3 -  
d im e th y l -7 H -p y ra n o [ 2 , 3 - d ] p y r i m i d i n e - 2 ,4 - d i o n e  ( 0 .  8g) , 
p y r i d i n e  (1 0  m l)  and a c e t i c  a n h y d r id e  (1  m l)  were h e a t e d  
u n d e r  r e f l u x  f o r  5 m in .  The r e a c t i o n  m ix tu re  was c o o le d  
and t h e  r e d  s o l i d  was c o l l e c t e d  and washed w i th  m e th a n o l .
The s o l i d  was t r e a t e d  w i th  b o i l i n g  m e th a n o l  (50  m l) 
and  c o l l e c t e d  to  g iv e  th e  p r o d u c t  ( 0 . 7g ,  81%) a s  r e d  
n e e d l e s ,  m . p . ^  330° (Pound: 0 ,5 9 * 2 ;  H ,4 „ 7 ;  N,13*7*
^ 25^2 3 ^ 5^7 0 , 5 9 .4 ;  H ,4 .6 ;  #,13*9%)*
The r e a c t i o n  p r o d u c t  ( 0 .1 2 g )  and 2 -m e th y lb e n z o x a -  
zo lium  io d i d e  ( O . l g )  w ere h e a t e d  u n d e r  r e f l u x  i n  p y r i d i n e  
(5  m l)  i n  th e  p r e s e n c e  o f  t r i e t h y l a m i n e  ( 0 .1  m l)  when a 
b lu e  dye was fo rm ed .  The s o l u t i o n  had  Xmax a t  522 and  44-7 um.
Oo n d e n s a t io n  o f  1 , 3 - d i e t h y l b a r b i t u r i c  a c i d  w i th  e t h y l  
o r th o p r o p i o n a t e
1 , 3 - D i e t h y i b a r b i t u r i c  a c i d  ( 4 . 6 g )  and  e t h y l
o r th o p r o p i o n a t e  (7  m l)  w ere h e a t e d  u n d e r  r e f l u x  f o r  45  m in .
The o ran g e  c r y s t a l s  w hich  s e p a r a t e d  on c h i l l i n g  t h e
r e a c t i o n  m ix tu re  w ere c o l l e c t e d ,  and r e c r y s t a l l i s e d  f ro m
m e th a n o l  t o  g iv e  t h e  p r o d u c t  ( 0 . 0 5 g , 1%), 1 , 3 , 5- t r i e t h y l - 7 -
( 1 , 3 - d i e t h y 1- h e x a h y d ro - 2 , 4 , 6 - t r i o x o p y r i m i d i n - 5- y l i d e n e ) -
1 . 2 . 3 . 4 - t e t r a h y d r o - 6 - m e th y l -7H -p y r a n o [ 2 , 3 - d ] p y r im i d i n e -
2 . 4 - d io n e  (105)  a s  o ra n g e  n e e d l e s ,  m .p .  212° (Pound: 0 ,5 9 * 3 ;
H ,6 .2 ;  N ,1 3 pO. *^22^28^4^5 0 ,5 9 * 5 ;  H ,6 .3 ;  N ,12 .6% )
The dye had  an  a b s o r p t i o n  maximum i n  m e th a n o l  a t  458 nm and 
became s t ic lc y  on s t o r a g e .
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P r e p a r a t i o n  o f  1 93“ d i e t h y l - 3“ ( 3 ° ^ e th o x y a l ly l i d e n e ) “-hexabydro -
2 - t h i o x o p y r i m i d i n e - 4 , 6 - d i o n e
A m ix tu r e  o f  l , 3 - d i e t h y l - 2 - t h i d b a r b i t u r i c  a c i d  
( 4 o 3 g ) ,  1 , 1 ,3 ” t r i e t h o x y p r o p - 2 - e n e  (3« 5 g )  and  a c e t i c  
a n h y d r id e  (5  m l)  was h e a t e d  a t  100° f o r  1 h r .  The m ix tu r e  
was c o o le d  and  t h e  s o l i d  was c o l l e c t e d  and  w ashed  w i th  
e t h a n o l . I t  was r e c r y s t a l l i s e d  tw ic e  from  e t h a n o l  t o  g iv e  
t h e  p r o d u c t  (2 g ,  33%) a s  h u f f  n e e d l e s ,  m .p .  154° (Pound: 
0 ,5 5 * 1 ;  H ,5 .5 ;  # ,9 * 7 ;  8 , 1 1 . 2 .  r e q u i r e s
0 , 5 5 . 3 ;  H ,6 .4 ;  N ,9 .9 ;  8 ,1 1 .3 % ) .
P r e p a r a t i o n  o f  1 ,3 “ d i e t h y l - 5 - 4 ' - ( 3 - e t h y l b e n z o t h i a z o l i n - 2 -  
y l i d e n e ) b u t - 2  ' - e n y l id e n e -h e x a h y d r o - 2 - th io x o p y r im id in e - " 4 g
6 - d io n e
A m ix tu r e  o f  3“ e t h y l - 2 - m e t h y l b e n z o t h i a z o l i u m  
i o d i d e  ( l . 2 g ) ,  1 , 3“ d i e t h y l - 5 - ( 3 - e t h o x y a l l y l i d e n e ) - h e x a h y d r o -
2 - t h i o x o p y r i m i d i n e - 4 , 5 - d i o n e  ( I g ) ,  t r i e t h y l a m i n e  (2 g )  and 
e t h a n o l  (10  m l)  was h e a t e d  u n d e r  r e f l u x  f o r  10 m in .  The 
m ix tu r e  c o o le d  and  t h e  dye was c o l l e c t e d  and  r e c r y s t a l l i s e d  
tw ic e  from  e th a n o l  t o  g iv e  t h e  p r o d u c t  ( 0 . 6 g )  a s  t i n y  
p u r p l e  n e e d l e s ,  m .p .  279° (Found: 0 , 5 0 . 8 ;  H ,5 * 5 ;  # , 1 0 . 1 ;
8 ,1 5 * 2 .  ^21^23^3^2^2 ^®G.uires 0 , 5 1 .0 ;  H ,5  = 6 ;  # , 1 0 . 2 ;
8 , 1 5 . 5%), Xmax ( p y r i d i n e )  504 nm.
P r e p a r a t i o n  o f  1 ,3 “ d i e t h y l - 5 “4 t ( 5 _ e t h y l b e n z o t h i a z o l i n - 2 -  
y l i d e n e ^ b u t - 2  ' - e n y l i d e n e - h e x a h y d r o p y r i m i d i n e - 2 , 4 , 5 - t r i o n e
A m ix tu re  o f  2 - 4 ' - a c e t a n i l i d o b u t a d i e n y l - 3 -
179e th y lb e n z o th i a z o l iu m  i o d i d e  ( 0 . 4 8 g ) ,  1 , 3 - d i e t h y l -  
b a r b i t u r i c  a c i d  ( 0 . 2 g ) ,  t r i e t h y l a m i n e  ( 0 , 5  m l)  an d  e t h a n o l  
(5  m l)  was h e a t e d  u n d e r  r e f l u x  f o r  10 m in .  The m ix tu r e  
was th e n  c o o le d ,  and th e  dye ( 0 . 3 g )  was c o l l e c t e d  and  
r e c r y s t a l l i s e d  from  m e th a n o l  and  tw ic e  from  b e n z e n e  t o  g iv e
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t h e  p r o d u c t  a s  t i n y  p u r p l e  n e e d l e s ,  m .p .  287° (Found;
0 , 6 3 . 2 ;  5 ,5 * 7 ;  # , 1 0 . 4 ;  8 ,7*9*  ^ 21^ 23^ 3^ 3^  r e q u i r e s  
0 ,6 3 * 5 ;  H ,5 * 8 ;  # , 1 0 . 6 ;  8 ,8 .1 % ) ,  Xmax ( p y r i d i n e )  580 nm
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Preparation of ethyl 3-hydrazina-5-methyTpyrazole-4- 
carhoxylate (108)
To a  w e l l - s t i r r e d  s u s p e n s io n  o f  t h io c a r b o h y d r a z i d e ^ ^ ^  
( 1 5 9 s )  i n  r e f l u x i n g  e t h a n o l  (1.41) was added  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  (435  m l)  d u r in g  50 min and  th e n  e t h y l
2 - c h l o r o a c e t o a c e t a t e  (2 4 7 g )  d u r in g  30 m in .  The m ix tu re  
was h e a t e d  u n d e r  r e f l u x  f o r  a  f u r t h e r  p e r i o d  o f  30 min and 
f i l t e r e d  to  remove s u l p h u r , The s o l i d  w hich  s e p a r a t e d  from  
t h e  c o o le d  f i l t r a t e  was c o l l e c t e d  and t r e a t e d  w i th  b o i l i n g  
w a te r  ( 1 ,3  l) f o r  5 m in and th e  m ix tu re  was f i l t e r e d  t o  
remove more s u lp h u r .  The f i l t r a t e  was e v a p o r a te d  to  d r y n e s s  
u n d e r  r e d u c e d  p r e s s u r e ,  and  th e  r e s i d u e  r e c r y s t a l l i s e d  
from  e t h a n o l  t o  y i e l d  4-e th o x y c a r b o n y l - 5 - m e th y lp y razo 1-3- 
y lh y d ra z in iu m  c h l o r i d e ,  (77s? 23%) a s  c o l o u r l e s s  c r y s t a l s ,  
m .p ,  2 2 1 ° ,
4-Ethoxycarbonyl-5-methylpyrazol-3-ylhydrazinium 
chloride (22g), methanol (100 ml) and triethylamine (14 ml) 
were heated together until the solid material was dissolved.
The s o l u t i o n  was c h i l l e d ,  t h e  s e p a r a t e d  s o l i d  was c o l l e c t e d  
and r e c r y s t a l l i s e d  from  m e th a n o l  t o  g iv e  t h e  p r o d u c t  (14,?g, 
80%) a s  c o l o u r l e s s  p l a t e s ,  m .p ,  177° (Found: 0 ,4 5 * 6 ;
H ,6.7; N ,30.3. Ci^ H^2^4^2 I 'e^^ires 0 ,45-7; H ,6,5; #,30.4%).
Oondensation of ethyl 3-hydrazino-5-methylpyrazole-4- 
carboxylate with aldehydes
(i) With p-tolualdehyde. Ethyl 3-hydrazino-5- 
methylpyrazole-4-carboxylate (18,4g), p-tolualdehyde (l2g), 
and dry benzene (300 ml) were heated under reflux for 2 hr 
while the water formed from the reaction was distilled 
azeotropically. The solid (24.6g, 85%), which separated
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a f t e r  c o o l in g  th e  b e n z e n e  s o l u t i o n ,  was c o l l e c t e d  and r e ­
c r y s t a l l i s e d  f ro m  e t h a n o l  to  y i e l d  c o l o u r l e s s  n e e d l e s  o f  
ethyl 3-nietbyl-3~'P-mpthylbenzylidenehydrazino'pyrazole-4- 
c a r b o x y l a t e , (1 0 9 ; Y = p - t o l y l ) ,  m .p .  185° (Found: 0 , 6 3 .0 ;
H ,6 o 4 ;  # ,19o5o  ^15^18^4^2 0 , 6 2 .9 ;  5 , 6 . 3 ;
# ,1 9 .6 % ) .
( i i )  W ith  b e n z a ld e h y d e o E th y l  3“h y d r a z in 0 “-5- 
m e t h y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 9 . 2 g ) ,  b e n z a ld e h y d e  ( 5 . 3 g )  
and d ry  b e n zen e  (2 5 0  m l)  w ere h e a t e d  u n d e r  r e f l u x  f o r  2 h r  
d u r in g  w hich t h e  w a te r  fo rm ed  was d i s t i l l e d  a z e o t r o p i c a l l y .  
Then b en zen e  (150 m l)  was d i s t i l l e d  o f f  and  th e  r e m a in in g  
s o l u t i o n  was c h i l l e d .  The s e p a r a t e d  s o l i d  ( 1 1 . 4 g ,  84%) 
was c o l l e c t e d  and  r e c r y s t a l l i s e d  from  e th a n o l  t o  g iv e  
c o l o u r l e s s  n e e d l e s  o f  e t h y l  3“ b e n z y l id e n e h y d r a z in o - 5 “m e th y l -  
p y r a z o l e - 4 - c a r b o x y l a t e ,  (1 0 9 ;  Y = pheny l) ,  m .p .  167° ( l i t . ^ ^ ^  
1 6 7 °)  (Found: 0 , 6 1 . 7 ;  5 ,5 * 9 ;  # , 2 0 . 4 .  C a lc ,  f o r  C ^Z i .% 6V 2
0 , 6 1 . 8 ;  5 ,5 * 9 ;  # ,2 0 .6 % ) .
( i i i )  W ith  o - t o l u a l d e h y d e . E th y l  3 - h y d r a z i n o - 5 -  
m e t h y l p y r a z o le - 4 - c a r b o x y l a t e  ( 4 . 6 g ) ,  o - to l u a l d e h y d e  (3 g )  
and  d r y  ben zen e  (5 0  m l)  w ere h e a t e d  u n d e r  r e f l u x  f o r  3 h r  
d u r in g  w hich  w a te r  fo rm ed  was d i s t i l l e d  a z e o t r o p i c a l l y .
The s o l i d ,  ( 6 . 5 s ,  91%) w hich  s e p a r a t e d ,  a f t e r  c o o l in g  th e  
ben ^ en e  s o l u t i o n ,  was c o l l e c t e d  and  r e c r y s t a l l i s e d  from  
b en zen e  to  g iv e  c o l o u r l e s s  n e e d l e s  o f  e t h y l  5- m ethy1- 3 - o-  
m e th y lb e n z y l id e n e h y d r a z in o D y ra z o le - 4 - c a r b o x y l a t e , (109 ; 
Y = o - t o l y l ) ,  m .p .  177° (Found; 0 , 6 3 .1 ;  H .6 .5 ;  N ,1 9 .5 .
^ 15% 8^4^2  0 ,6 2 .9 ; -  5 , 6 . 3 ;  # ,19*6% ).
( i v )  W ith  m e s i t y l a l d e h y d e o E th y l  3 - h y d r a z i n o - 5 -  
m e t h y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 9 * 2 g ) ,  m e s i ty l a ld e h y d e  (7* 4 g )  
and  d ry  ben zen e  (200 m l)  w ere h e a t e d  u n d e r  r e f l u x  f o r  3 h r
145
d u r in g  w hich t h e  w a te r  fo rm ed  was d i s t i l l e d  a z e o t r o p i c a l l y .  
The s o l i d  ( 1 4 . Og, 89%) w hich  s e p a r a t e d  d u r in g  t h e  h e a t i n g  
p e r i o d  was c o l l e c t e d  and r e c r y s t a l l i s e d  from  e t h a n o l  t o  
g iv e  c o l o u r l e s s  n e e d l e s  o f  e t h y l  5 -m e th y l - 3 “ ( 2 , 4 , 6 - t r i -  
m e th y lh e n z y l id e n e h y d r a z in o )p y r a z o l e - 4 - c a r h o x y l a t e ,(1 0 9  ; 
Y = m e s i ty l ) ,  m .p .  1 97 -198°  (Found; 0 , 6 5 .2 ;  H ,7 .1 ;  # , 1 7 . 8 .
^17^22^4^2 z ^ ^ u i r e s  0 , 6 5 . 0 ;  H ,7 .0 ;  # ,1 7 .8 % ) .
( V) W ith  O"c h lo ro b e n z a ld é h y d e  ( a )  i n  b e n z e n e .
E th y l  3 - h y d r a z i n o - 5 - m e t h y i p y r a z o l e - 4 - c a r b o x y l a t e  ( 9 ° 2 g ) ,  
o~c h lo ro b e n z a ld é h y d e  ( 7 s )  sind d ry  ben zen e  (200 m l)  were 
h e a t e d  u n d e r  r e f l u x  f o r  2 h r  and th e  w a te r  fo rm ed  was removed 
by  a z e o t r o p i c  d i s t i l l a t i o n .  The s o l i d  w hich  s e p a r a t e d  from  
t h e  c o o le d  b en zen e  s o l u t i o n ,  was c o l l e c t e d .  I t  ( 1 4 . Og, 92%) 
was r e c r y s t a l l i s e d  from  e t h a n o l  t o  g iv e  c o l o u r l e s s  n e e d le s  
o f  e t h y l  3 - o - c h l o r o b e n z y l id e n e h y d r a z in o - 5 - m e th y ip y r a z o le - 4 -  
c a r b o x y la t e , (1 0 9 :  R=£“ C h lo r o p h e n y l ) , m .p .  212° (Pound: 
0 , 5 4 . 9 ;  H ,5 .0 ;  0 ^ ^ 1 1 .7 ;  # , 1 8 . 1 .  0^^H^^0,^N^02 r e q u i r e s  
0 , 5 4 .8 ;  H ,4 .9 ;  0 ^ \ 1 1 .6 ;  # ,1 8 .3 % ) -
(b )  i n  m ethano l . 
E th y l  3 - h y d r a z i n o - 5 - m e t h y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 9 . 2 g ) ,  
o -c h lo ro b e n z a ld e h y d e  (7 g )  and  e th a n o l  (200 m l)  were h e a t e d  
u n d e r  r e f l u x  f o r  2 h r .  The s o l i d  ( I 3 . 5 g ,  88%) w hich  
s e p a r a t e d  from  t h e  c o ld  e t h a n o l  was c o l l e c t e d  and  shown by 
m ixed m .p .  (2 1 2 ° )  t o  be i d e n t i c a l  w i th  t h e  p r o d u c t  from  
t h e  above e x p e r im e n t .
( v i )  W ith  p - c h l o r o b e n z a l d e h y d e . E th y l  3 - h y d r a z in o -  
5 - m e th y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 4 . 6 g ) ,  p - c h lo r o b e n z a ld e h y d e  
(3 » 5 g )  aud d ry  b en zen e  (7 5  m l)  were h e a t e d  u n d e r  re f I ro c  f o r  
2 h r  and  th e  w a te r  fo rm ed  was d i s t i l l e d  a z e o t r o p i c a l l y .  The 
s o l i d  (7 * 3 g ,  95%) was c o l l e c t e d  from  th e  c o o le d  r e a c t i o n
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m i x t u r e ,  and r e c r y s t a l l i s e d  from  e th a n o l  t o  g iv e  c o l o u r l e s s  
n e e d l e s  o f  e t h y l  3 - P - c h lo r o h e n z y l id e n e h y d r a z in o - 3 - m e th y l -  
p y r a z o l e -4—c a r h o x y l a t e , (1 0 9 ;  Y = p - c h lo r o p h e n y l ) , m .p .
2 3 0 - 231°  (Found: 0 , 5 4 . 9 ;  H ,5 .1 ;  C £ ,  1 1 .7 ;  H ,1 8 .2 .
^14% 5^'^^4^2 z a q u i r e s  0 , 5 4 . 8 ;  H ,4 .9 ;  0 ^ \ 1 1 .6 ;  N ,1 8 .3 % ).
( v i i )  W ith  2 , 6 - d i c h l o r o b e n z a l d e h y d e . E th y l  3 -  
h y d r a z i n o - 5 - m e t h y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 4 . 6 g ) ,  2 , 6 -  
d ic h lo ro b e n z a ld e h y d e  ( 4 . 4 g ) ,  and  d ry  b en zen e  (100 m l) were 
h e a t e d  u n d e r  r e f l u x  f o r  6 h r  d u r in g  w hich  th e  w a te r  fo rm ed 
was d i s t i l l e d  a z e o t r o p i c a l l y .  The s o l i d  ( 6 . 8 g ,  80%) w hich  
was c o l l e c t e d  from  t h e  c o o le d  b en zen e  s o l u t i o n  was r e ­
c r y s t a l l i s e d  from  e t h a n o l  a s  c o l o u r l e s s  n e e d l e s  o f  e t h y l
3 - C 2 9 6 - d i  c h i o r o b e n z y l i d e n e h y d r a z i n o ) - 5 -me t h y l p y r a z  o1e - 4 -  
c a r b o x y l a t e , (1 0 9 ; Y = 2 ,6 - d i c h lo r o p h e n y l ) ,  m.p* 204 -206°
(Found: 0 , 4 9 .0 ;  H ,4 .0 ;  0 ^ ,2 0 . 6 ;  N ,1 6 .3 .
r e q u i r e s  0 , 4 9 .3 ;  5 , 4 . 1 ;  0 ^ ,2 0 .8 ;  # ,1 6 .4 % ) .
( v i i i )  W ith  o - f l u o r o b e n z a l d e h y d e . E th y l  3 - h y d r a z in o -  
5 - m e th y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 4 . 6 g ) ,  o - f l u o r o b e n z a ld e h y d e  
( 3 . 1 g ) ,  and d ry  b e n z e n e  (100 m l)  were h e a t e d  u n d e r  r e f l u x  
f o r  2 h r  d u r in g  w h ich  w a te r  fo rm ed  was d i s t i l l e d  a z e t r o p i c a l l y  
The m ix tu re  was c o o le d ,  and t h e  s o l i d  ( 6 . 0 g ,  83%) was 
c o l l e c t e d  and r e c r y s t a l l i s e d  from  b en zen e  as  c o l o u r l e s s  
n e e d l e s  o f  e t h y l  3 - o - f l u o r o b e n z y l i d e n e h y d r a z i n o - 5 - m e th y l -  
p y r a z o l e - 4 - c a r h o x y l a t e , (1 0 9 ;  Y = o - f lu o r o p h e n y l ) , m .p ,  174° 
(Found: 0 , 5 8 .1 ;  5 , 5 . 3 ;  # , 1 9 . 2 .  ^14#15^#4(^2 I 'e q u i r e s
0 , 5 7 . 9 ;  5 , 5 . 2 ;  # ,1 9 .3 % ) .
( i x )  W ith  p - f l u r o b e n z a l d e h y d e o E th y l  3 - h y d r a z in o -  
5 - m e th y l p y r a z o l e - 4 - c a r h o x y l a t e  ( 4 . 6 g ) ,  p - f l u o r o b e n z a ld e h y d e  
( 3 . 1 g )  and  d ry  b en zen e  (100 m l)  were h e a t e d  u n d e r  r e f l u x  
f o r  2 h r  d u r in g  w h ich  t h e  w a te r  fo rm ed  was d i s t i l l e d  a z e o -
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t r o p i c a l l y .  The s o l i d  ( 5 . 8 g ,  80%) w hich  s e p a r a t e d  from  th e  
c o o le d  m ix tu r e  was c o l l e c t e d  and r e c r y s t a l l i s e d  from  
e t h a n o l  a s  c o l o u r l e s s  n e e d l e s  o f  e t h y l  3 - p - f l u o r o h e n z y l i d e n e — 
h y d r a z in o - 5 - m e th y lp y r a z o le - 4 - c a r h o x y l a t e , (1 0 9 ;  Y = p -f lu o ro  
p h e n y l ) ,  m .p .  18 5 -1 8 6 °  (Found: 0 ,5 7 * 9 ;  H ,5 .3 ;  N ,1 9 * l .
^14^15 ^ V z  r e q u i r e s  0 ,5 7 * 9 ;  5 ,5 * 2 ;  5 ,1 9 * 3 % ).
( x )  W ith  o - n i t r o b e n z a l d e h y d e . E th y l  3 -  
h y d r a z i n o - 5 - m e t h y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 9 * 2 g ) ,  o - n i t r o ­
b e n z a ld e h y d e  ( 7 * 5 g ) ,  and  d r y  b e n z e n e  (300 m l)  w ere h e a t e d  
u n d e r  r e f l u x  f o r  2 h r ,  d u r in g  w h ich  th e  w a te r  fo rm ed  was 
d i s t i l l e d  a z e o t r o p i c a l l y .  The s o l i d  w hich  s e p a r a t e d  
from  t h e  h o t  b e n zen e  s o l u t i o n  was c o l l e c t e d .  I t  ( I 5 g ,  95%) 
was r e c r y s t a l l i s e d  f rom  e t h a n o l  a s  b r i g h t  y e l lo w  n e e d l e s  
o f  e t h y l  5 -m ethy l - 3 - o - n i t r o b e n z y l i d e n e h y d r a z i n o p y r a z o l e - 4 -  
c a r b o x y l a t e , (1 0 9 ;  Y = o - n i t r o p h e n y l ) , m .p .  223 -  225°
(Found: 0 ,5 3 * 2 ;  5 , 4 . 6 ;  5 ,2 1 .9 *  ^14^15^5^4 r e q u i r e s  
0 ,5 3 * 0 ;  5 , 4 . 7 ;  5 ,2 2 .1 % ) .
( x i )  W ith  p - n i t r o b e n z a l d e h y d e . E th y l  3 - h y d r a z in o -  
5 - m e th y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 4 . 6 g ) ,  p - n i t r o b e n z a l d e h y d e  
( 3 * 7 g ) ,  and d r y  b e n zen e  (150  m l)  were h e a t e d  u n d e r  r e f l u x  
f o r  2 h r .  The p r o d u c t  ( 6 . 5 g ,  83%) was c o l l e c t e d ,  a f t e r  
c o o l i n g  t h e  b en zen e  s o l u t i o n ,  and  r e c r y s t a l l i s e d  from  
e t h a n o l  as  y e l lo w - o r a n g e  n e e d l e s  of e t h y l  5 - m e th y l - 3 - p -  
n i t r o b e n z y l i d e n e h y d r a z i n o p y r a z o 1 e - 4 - c a r b o x y 1 a t e , (109  ; 
Y = p - n i t r o p h e n y l ) , m .p .  2 8 5 - 2 8 6 ° ( l i t m . p . 2 / 6 ° )  (Found: 
0 , 5 3 .2 ;  5 , 4 . 8 ;  5 , 2 2 . 0 .  C a lc ,  f o r  C^^5^^5^0^ 0 ,5 3 * 0 ;
5 , 4 . 7 ;  5 ,2 2 .1 % ) .
( x i i )  W ith  h e p t a n a l . E th y l  3 - h y d r a z in o - 5 - m e th y l -  
p y r a z o l e - 4 - c a r b o x y l a t e  ( 4 . 6 g ) ,  h e p t a n a l  ( 2 . 9 g )  and  d ry  
b e n z e n e  (250 m l) w ere h e a t e d  u n d e r  r e f l u x  f o r  2 h r  and  t h e
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w a te r  w hich  fo rm ed  was d i s t i l l e d  a z e o t r o p i c a l l y .  Then 
a l l  t h e  b e n zen e  was d i s t i l l e d  and  t h e  r e s i d u e  was r e ­
c r y s t a l l i s e d  from  e t h a n o l  t o  g iv e  e t h y l  3 -h e p t y l i d e n e -  
h y d r a z i n o - 3 -m e th y lp y ra z o  1 e - 4 - c a r b o x y l a t e  ,(  109 ; Y=hexyl ) ,(4. 7 g , 57%)
m .p ,  85° (Found: 0 ,5 9 * 7 ;  5 , 8 . 7 ;  5 ,1 9 * 8 ,  ^14^24^4^2
r e q u i r e s  0 , 5 0 . 0 ;  5 , 8 . 6 ;  5 ,2 0 .0 % ) .
Oondensation of ethyl 3-hydrazino-5-methylpyrazole-4- 
carboxylate with acid chlorides
( i )  W ith  h e p ta n o y l  c h l o r i d e . E th y l  3 - h y d r a z i n o -  
5 - m e th y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 4 ,6 g )  was d i s s o l v e d  i n  d ry  
p y r i d i n e  (100  m l ) , h e p t a n o y l  c h l o r i d e  (3 * 7 g )  was added  
d u r in g  10 min and  t h e  r e s u l t i n g  s o l u t i o n  was h e a t e d  u n d e r  
r e f l u x  f o r  2 h r .  The s o l u t i o n  was c o o le d  and  t h e n  p o u re d  
i n t o  w a te r  ( 1 ,2  l ) . The p r e c i p i t a t e ,  a f t e r  c o l l e c t i o n ,  
was washed w e l l  w i th  w a te r  and r e c r y s t a l l i s e d  from  50% 
aqu eo u s  e t h a n o l  t o  g iv e  e t h y l  3 - h e p t a n o y lh y d r a z in o - 5 -  
m e t h y l p y r a z o le - 4 - c a r h o x y l a t e , (1 1 1 ;  Y = h e x y l ) ,a s  a c o l o u r l e s s  
m i c r o c r y s t a l l i n e  s o l i d  ( 3 . 8 g ,  51%), m .p . 145° (Found:
0 , 5 6 .9 ;  5 , 8 . 3 ;  5 , 1 8 , 8 .  (^ 14^ 24^ 4^3 ^ s q u i r e s  0 , 5 6 .8 ;
5 , 8 . 1 ;  5 ,1 8 .9 % ) .
( i i )  W ith  o - to 3 u o y l  ch l o r i d e . To a s t i r r e d  
s o l u t i o n  o f  e t h y l  3“h y d r a z i n o - 5 “m e t h y l p y r a z o l e - 4 - c a r b o x y l a t e  
( 4 . 6 g )  i n  d ry  p y r i d i n e  (80  m l )  was added p - t o l u o y l  c h l o r i d e  
(3* 9 g )  d u r in g  15 m in .  The s o l u t i o n  was s t i r r e d  f o r  a  
f u r t h e r  1 h r  and th e n  h e a t e d  on a s team  b a t h  f o r  1 h r .
The s o l u t i o n  was c o o le d  and  p o u re d  i n t o  w a te r  ( 1 . 5  l ) .
The p r e c i p i t a t e  was c o l l e c t e d ,  washed w e l l  w i th  w a te r  and 
r e c r y s t a l l i s e d  from  e t h a n o l  t o  g iv e  e t h y l  5 -m ethy1-3 -Q -  
t o l u o y l h y d r a z i n o p y r a z o l e - 4 - c a r b o x y l a t e , (1 1 1 ;  Y = p - t o l y l ) , 
a s  a  c o l o u r l e s s  m i c r o c r y s t a l l i n e  s o l i d  ( 4 . 1 g ,  54%),
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m.p. 166-167° (Found: 0,59.7; H,6.1; N,18.5.
^15^18^4^3 z^quires 0,59-6; H,6.0; N,18.6^)o
Preparation of ethyl lE-Dyrazolo[3,2-c]-8-triazole-7- 
carboxylates
(i) Ethyl 6-methyl-3-pbenyl~lH-pyrazolo[3,2-c]-s- 
triazole~7-carboxylate (110; Y«phenyl)
A solution of bromine (4g) in acetic acid (15 ml) 
was added dropwise, during 5 min, to a stirred mixture of 
ethyl 3-benzylidenehydrazino-5-niethylpyrazolG-4— carboxylate 
(6,8g) and anhydrous sodium acetate (4»lg) in acetic acid 
(100 ml)o The mixture was stirred at room temperature 
for 90 min and then warmed on a steam bath for 15 min.
The mixture was cooled and poured into water (500 ml) to 
give a sticky yellowish precipitate which hardened on 
standing. The solid (5.8g, 86^) was collected and 
recrystallised from ethanol to give the product as tiny 
colourless needles, m.p. 175=176° (Pound: 0,62.5; H,5.55;
N,20o6o requires 0,62,2; H,5.2; N,20.7#).
(ii) Ethyl 6=methyl=3-P-tolyl™lH-pyrazolo[3,2-c]- 
s=triazole=7-carboxylate (110; T=p~tolyl)
A mixture of ethyl 5“iûethyl=3“E~methylbenzylidene- 
hydrazinopyrazole=4-=oarboxylate (21.4g) and anhydrous sodium 
acetate (12.3g) in acetic acid (300 ml) was stirred, and 
treated portionwise with a solution of bromine (l2g) in 
acetic acid (120 ml), during 10 min. The mixture was 
stirred at room temperature for 1 hr and then heated on 
a steam bath for 20 min. The mixture was cooled and 
poured with stirring into water (1.5 l). The precipitate 
(19g, 899^ ) was recrystallised from ethanol to give the 
product as tiny colourless needles, m.p. 236° (Pound:
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O5630O1 H ,5o7s N g l9 .9 ,  0 , 6 3 . 3 ,
H,5.6; N,19.7#).
(iii) Ethyl 6=methTl"3~0"tolyl=lH=pyrazolo[3,2-c]= 
a=triazole=7-carhoxylate (110; Y=o-tolyl)
(a) A solution of bromine (Ag) in acetic acid 
(20 ml) was added during 5 min, to a mixture of ethyl 
5-me thy 1=3-0- methylbenzylidenehydrazinopyrazole-4- 
carboxylate ( 7 *2 g) and anhydrous sodium acetate (4.1g)
i n  a c e t i c  a c i d  (60  m l ) .  The m ix tu re  was s t i r r e d  a t  room 
te m p e r a tu r e  f o r  1 h r  and t h e n  h e a t e d  on a  s team  b a t h  f o r  
10  m in .  The m ix tu re  was c o o le d  and p o u re d  i n t o  w a te r  
(1  1 ) ,  The p r e c i p i t a t e  (5 « 4 g ,  ? 6^ )  was r e c r y s t a l l i s e d  
from  e t h a n o l  t o  g iv e  t h e  p r o d u c t  a s  a c o l o u r l e s s  m ic ro ­
c r y s t a l l i n e  s o l i d ,  m .p «...181=183° (Found: 0 , 6 3 «1; H ,5 .7 ;
N,19.6. G^^H^gN^02  r e q u i r e s  0,63.3; E,5.6; N,19.7#).
(b) A mixture of ethyl 5'^methyl-3-o-to]i$oyl= 
hydrazinopyrazol0=4=carbo3ylate ( 3 g ) ,  phosphoryl chloride 
(3g) and benzene (100 ml) was heated under reflux for 6 hr. 
The benzene was then removed by distillation, the residue 
was treated with water (200 ml) and the solid was 
extracted into ethyl acetate. The ethyl acetate solution 
was concentrated and the residue was recrystallised from 
ethanol to give ethyl 6=methyl=3-o-tolyl=lH-pyrazolo 
[3,2-cj=s^triazole=7=oarboxylate as a colourless micro- 
crystalÉlne solid, (1,45g9 51%) m.p, 181°, identical (i.r. 
spectrum) with the product obtained by method (a),
(iV) Ethyl 3-me8ityl=6-methyl=lH-pyrazolo[3 92-c]- 
s=triazole=7-carboxylate (110; Y=mesityl)
A s o l u t i o n  o f  b rom ine  (5« 3 g )  i n  a c e t i c  a c i d (15 m l) 
was added d u r in g  10  m in t o  a  s t i r r e d  m ix tu r e  o f  e t h y l  5-
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m e th y  1 -  5 “ ( 2,4-, 5 - 1 r  im e t h y  l b  enzy  1 i  den ehy d r  a z i  no ) p y r  a z o 1 e- 4 -  
c a r b o x y l a t e  ( 1 0 ,5 s )  and  an h y d ro u s  sodium a c e t a t e  (5» 5 g )  
i n  a c e t i c  a c i d  (190 m l ) .  The m ix tu re  was s t i r r e d  f o r  1 h r  
and th e n  h e a t e d  on a  s tea m  b a t h  f o r  30 m in .  The m ix tu re  
was c o o le d  and p o u re d  i n t o  w a te r  (2  1 ) .  The p r e c i p i t a t e  
( 8 . 3 g ,  80%) r e c r y s t a l l i s e d  from ' etliaSiol to  g iv e  t h e  p r o d u c t  
a s  c o l o u r l e s s  n e e d l e s ,  m .p .  2 10 -211°  (Pound: 0 , 6 5 .6 ;
H ,6 .6 ;  N,17o8o G^yH^QN^Og r e q u i r e s  0 , 6 5 .4 ;  H ,5 ,4 ;
N,17.9%).
( V ) E th y l  3 - 0 "  c h io  r opheny l -6 - m e t h y  1 -  IH -p y ra z  o 1 o 
[ 3 , 2 - c ] - s - t r i a z o l e - 7 - c a r b o x y l a t e  (1 1 0 ; Y=o- c h io r o p h e n y l )
A m ix tu re  o f  e t h y l  3 - o - c h l o r o b e n z y l i d e n e h y d r a z i n o -
5 - m e th y l p y r a z o l e - 4 - c a r b o x y l a t e  ( 6 . 1 g ) ,  an h y d ro u s  sodium
a c e t a t e  (3 ° 5 g )  and a c e t i c  a c i d  (100 m l) was s t i r r e d ,  and
t r e a t e d  w i th  a  s o l u t i o n  o f  b rom ine  ( 3 . 2 g )  i n  a c e t i c  a c i d
(10  m l) d u r in g  10 m in .  The m ix tu re  was s t i r r e d  f o r  a
f u r t h e r  30 min and th e n  warmed on a s team  b a t h  f o r  15  m in .
The m ix tu re  was c o o le d  and  p o u re d  i n t o  w a te r  (500 m l ) .
The p r e c i p i t a t e  ( 4 . 6 g ,  75%) was r e c r y s t a l l i s e d  from  ben zen e
t o  g iv e  t h e  p r o d u c t  a s  t i n y  c o l o u r l e s s  n e e d l e s ,  m .p .  176°
(Found: 0 , 5 5 .3 ;  H ,4 .2 ;  0 ^ ,1 1 . 8 ;  N ,18.4% 5 m /e 304.
^14^13^'^^4^2 0 , 5 5 . 2 ;  H ,4 .3 ;  0 ^ ,1 1 .7 ;  N ,1 8 .4 # ;
M ,3 0 4 ) .
( v i ) E th y l  3 - P - c h lo r o p h e n y l - 6 - m e th y l - lH - p y r a z o lo  
[ 3 , 2 - c ] - s - t r i a z o l e - 7 - c a r b o x y l a t e  (110 ; Y = p -c h io r  o p h e n y l )
A s o l u t i o n  o f  b ro m in e  ( l . 6 g )  i n  a c e t i c  a c i d
(8  m l) was r u n  i n t o  a  s t i r r e d  m ix tu re  o f  e t h y l  5 -]2- c h l o r o -
b e n z y l i d e n e h y d r a z i n o - 5 - m e t h y l p y r a z o le - 4 - c a r b o x y l a t e  ( 3 . I g )
and an hydrous  sodium a c e t a t e  ( l . 7 g )  i u  a c e t i c  a c i d  (50 m l ) .
A f t e r  b e in g  s t i r r e d  f o r  a  f u r t h e r  1 h r ,  t h e  m ix tu r e  was
warmed on a  s team  b a t h  f o r  15  m in , t h e n  c o o le d  and p o u re d
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i n t o  w a te r  (250 m l ) .  The p r e c i p i t a t e  ( 2 ,5 g ,  82%) was 
c o l l e c t e d  and  r e c r y s t a l l i s e d  from  e t h a n o l  t o  g iv e  t h e  
p r o d u c t  a s  t i n y  c o l o u r l e s s  n e e d l e s ,  m ,p , 220° (Found:
0 , 5 5 . 4 ;  H ,4 .4 ;  0 ^ ,1 1 , 9 ;  N ,1 8 ,5 ,  r e q u i r e s
0 , 5 5 .2 ;  H ,4 ,3 ;  0 ^ ,1 1 , 7 ;  N ,1 8 ,4 % ),
( v i i ) E th y l  3 - 2 ' , 6 ' - d i c h lo r o p h e n v l - 6 - m e t h y l - l H =  
p y r a z o l o [ 3 , 2 = c ] - s - t r i a z o l e - 7 - c a r b o x y l a t e  (1 1 0 ; Y=2,6=
d i c h l o r o p h e n y l )
To a  s t i r r e d  m ix tu r e  o f  e t h y l  3 - ( 2 , 5 - d i c h l o r o -  
b e n z y l i d e n e h y d r a z i n o ) - 5 “H ie th y lp y ra z o le -4 = c a r b o x y la te  ( 3 . 4 g ) , 
a n h y d ro u s  sodium a c e t a t e  (2 g )  and  a c e t i c  a c i d  (50  m l) 
was added d ro p w ise  a s o l u t i o n  o f  b rom ine ( 1 . 6 g )  i n  a c e t i c  
a c i d  (15 m l)  d u r in g  5 m in .  The m ix tu re  was s t i r r e d  f o r  
a  f u r t h e r  30 m in and th e n  warmed on a s team  b a t h  f o r  30 
m in .  Then t h e  m ix tu r e  was c o o le d  and p o u re d  i n t o  w a te r  
(300 m l ) .  The p r e c i p i t a t e  ( 3 g , 8 ^ )  was c o l l e c t e d  and 
r e c r y s t a l l i s e d  from  e t h a n o l  t o  g iv e  th e  p r o d u c t  a s  a m ic ro -  
c r y s t a l l i n e  s o l i d ,  m .p .  259° (Found: 0 ,4 9 = 3 ; H ,3«3 ;
0 ^ ,2 0 .8 ;  N ,16 ,2o  r e q u i r e s  0 , 4 9 , 5 ;  H ,3 ,5 ;
0 ,2 ,2 0 .9 ;  N ,1 6 .5 % ).
( v i i i )  E th y l  3 - o - f lu o r o p h e n y l - 6 - m e th y l - lH - p y r a z o lo  
[ 3 , 2 - c ] - 8 - t r i a z o l e - 7 - c a r b o x y l a t e  (110 ; Y=o- f l u o r o p h e n y l)
A s o l u t i o n  o f  b rom ine  ( 1 . 6 g )  i n  a c e t i c  a c i d  (20 m l) 
was added  to  a s t i r r e d  m ix tu r e  o f  e t h y l  3 - o - f l u o r o b e n z y l i d e n e — 
h y d r a z in o - 5 “- n ie th y lp y r a z o le - 4 - c a r b o x y la te  ( 2 ,9 g )  and 
an h y d ro u s  sodium a c e t a t e  ( 1 . 7 g )  i n  a c e t i c  a c i d  (30  m l ) ,  
d u r in g  5 m in .  The m ix tu r e  was s t i r r e d  a t  room t e m p e r a tu r e  
f o r  30 min and th e n  h e a t e d  on a  s team  b a t h  f o r  10 m in , 
c o o le d ,  and p o u re d  i n t o  w a t e r (150 m l ) .  The gummy 
p r e c i p i t a t e  h a rd e n e d  on s t a n d i n g .  The s o l i d  ( 2 . 3 g ,  80%) 
was r e c r y s t a l l i s e d  from  m e th a n o l  t o  g iv e  t h e  p r o d u c t  a s  t i n y
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c o l o u r l e s s  n e e d l e s ,  m .p .  179° (Pound: 0 , 5 8 , 6 ;  H ,4 ,6 ;
N ,1 9 .2 ,  r e q u i r e s  0 , 5 8 ,4 ;  H ,4«5 ; N ,1 9 ,4 % ),
( i x )  E th y l  5 - P - f lu o r o p h e n y l - 6 - m e th y l - - lH - p y r a z o lo  
[5 , 2 = c ] - s - t r i a z o l e - 7 " C a r 'b o x y l a t e  (1 1 0 ;  Y = p - f lu o ro p h e n y l)
A s o l u t i o n  o f  b ro m in e  ( 2 ,4 g )  i n  a c e t i c  a c i d  
(50  m l)  was added  d u r in g  5 m in t o  a s t i r r e d  m ix tu re  o f  
e t h y l  3“£ " f l u o r o b e n z y l id e n e h y d r a z in o - 5 ~ m e th y lp y r a z o le - 4 -  
c a r b o x y l a t e  ( 4 . 4 g )  and  an h y d ro u s  sodium  a c e t a t e  ( 2 . 5 g )  i n  
a c e t i c  a c i d  (45  m l ) .  The m ix tu r e  was s t i r r e d  f o r  1 h r  , 
warmed on a  s team  b a t h  f o r  15 m in , th e n  c o o le d  and 
p o u re d  i n t o  w a te r  (250 m l ) .  The p r e c i p i t a t e  ( 3 . 3 g ,  76%) 
was c o l l e c t e d  and  r e c r y s t a l l i s e d  from  e t h a n o l  t o  g iv e  
t h e  p r o d u c t  a s  t i n y  c o l o u r l e s s  n e e d l e s ,  m ,p , 190° (Pound: 
0 , 5 8 , 6 ;  H ,4 ,6 ;  M,19°5o ^14^1 $^^4^2 0 , 5 8 ,4 ;
H ,4 o 5 ; N ,1 9 .4 % ).
( X) E th y l  6 -m e th y l-3 -o -3 iib ro p h en y l- lH -p y razo lo  
[ 3 _ ,2 - c 3 = s - t r i a z o l e - 7 ° c a r b o x y l a t e  (1 1 0 ; Y=o- n i t r o p h e n y l )
To a s t i r r e d  m ix tu r e  o f  e t h y l  5 - m e t h y l - 3 - o = n i t r o -  
b e n z y l id e n e h y d r a z in o p y r a z o le - 4 - c a r b o x y la tR  ( 5 ,3 5 g )  and  
an h y d ro u s  sodium  a c e t a t e  (3<*5g) i n  a c e t i c  a c i d  (160 m l) 
was added  d u r in g  10 m in ,  a " s o l u t i o n  o f  b rom ine  (3 « 2 g )  
i n  a c e t i c  a c i d  (10  m l ) .  S t i r r i n g  was c o n t in u e d  f o r  1 h r ,  
and  th e n  th e  m ix tu re  was warmed on a  s team  b a t h  f o r  50 m in .  
The m ix tu re  was c o o le d  and  p o u re d  i n t o  w a te r  (500 m l ) .
The y e l lo w  p r e c i p i t a t e  (4 ,5 g ?  71%) was c o l l e c t e d  and 
r e c r y s t a l l i s e d  from  e t h a n o l  t o  y i e l d  t h e  p r o d u c t  a s  y e l lo w  
n e e d l e s ,  m ,p ,  231° (Pound: 0 , 5 3 . 6 ;  H ,4 ,3 ;  N ,2 1 ,9 ,
^14^^13^5^4 0 , 5 5 , 5 ;  H , 4 , l ;  N ,2 2 ,2 % ) .
( x i )  E th y l  6 - m e th y l - 3 - P - n i t r o p h e n y l - l H - p y r a z o l o  
[ 3 , 2 - c ] - s = t r i a z o l e - 7 - c a r b o x y l a t e  (1 1 0 ; Y = p - n i t r o p h e n y l )
A s o l u t i o n  o f  b ro m in e  ( 2 . 4 g )  i n  a c e t i c  a c i d  (10  m l)
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was r im  i n t o  a  s t i r r e d  m ix tu r e  o f  e t h y l  5"“m eth y l= 3 “£ “ 
n i  t r o h  e n z y l i  d e n e h y d ra  z in o p y r a  z o1 e - 4 - c a r h  o x y l a t  e ( 4 ,3  g ) 
and  an h y d ro u s  sodium  a c e t a t e  ( 2 . 5 g )  i n  a c e t i c  a c i d  
(110 m l ) ,  d u r in g  10 m in .  The m ix tu re  was s t i r r e d  f o r  
30 m in m ore , h e a t e d  on a  s team  b a t h  f o r  2 h r ,  c o o le d ,  
and  p o u re d  i n t o  w a te r  (500 m l ) .  The y e l lo w  p r e c i p i t a t e  
(3 » 4 g ,  79%) was c o l l e c t e d  and  r e c r y s t a l l i s e d  from  e t h a n o l  
t o  g iv e  t h e  p r o d u c t  a s  a  y e l lo w  m i c r o c r y s t a l l i n e  s o l i d ,  
m ,p .  2 5 9 ° ,  (Pound: 0 , 5 5 . 4 ;  H ,4 ,2 ;  N ,22o0 ,
r e q u i r e s  0 ,5 5 = 5 ; H , 4 , l ;  N ,2 2 ,2 % ),
( x i i )  E th y l  3 - h e x y l - 6 ° m e th y l - lH - p y r a z o lo  
[ 3 , 2 = c ] - s - t r i a z o l e - 7 - c a r b o x y l a t e  (110 ; Y =hexyl)
( a )  A s o l u t i o n  o f  b rom ine  ( l , 5 g )  i n  a c e t i c  
a c i d  (20 m l) was added  d ro p w ise  t o  a  s t i r r e d  m ix tu re  o f  
e t h y l  3 - h e p t y l i d e n e h y d r a z i n o - 5 - m e t h y l p y r a z o l e - 4 = c a r b o x y l a t e  
( 2 . 8 g )  and an h y d ro u s  sodium  a c e t a t e  ( l , 6 5 g )  i n  a c e t i c
a c i d  (5 0  m l)  d u r in g  10 m in .  The s o l u t i o n  was h e a t e d  on 
a s team  b a t h  f o r  1 h r ,  t h e n  c o o le d  and p o u re d  i n t o  w a te r  
(5 0 0  m l ) ,  and th e  o i l  w hich  s e p a r a t d  was e x t r a c t e d  i n t o  
e t h y l  a c e t a t e  (3 x  75 m l ) .  The combined e x t r a c t  was 
d r i e d  ( M g S O ^ ) , f i l t e r e d ,  and  c o n c e n t r a t e d  u n d e r  r e d u c e d  
p r e s s u r e  t o  l e a v e  t h e  p r o d u c t  a s  a  p a l e  y e l lo w  o i l  ( 2 . 4 g ,  
86%) w hich  was u s e d  w i th o u t  f u r t h e r  p u r i f i c a t i o n ,
(b )  E th y l  3 " h e p ta n o y lh y d ra z in o -5 ~ m e th y l -  
p y r a z o l e - 4 - c a r b o x y l a t e  ( 3 g ) ,  p h o s p h o ry l  c h l o r i d e  ( l , 5 g )  
and  d r y  b en zen e  (50 m l) were h e a t e d  u n d e r  r e f l u x  f o r  6 h r .  
The ben zen e  was th e n  rem oved by d i s t i l l a t i o n  and  th e  r e s i d u e  
was s t i r r e d  w i th  w a te r  (200  m l)  and  t h e  gum was e x t r a c t e d  
i n t o  e t h y l  a c e t a t e  (5 x  70 m l ) .  The com bined e x t r a c t  was 
d r i e d  ( H g S O ^ ) , f i l t e r e d ,  and  c o n c e n t r a t e d  u n d e r  r e d u c e d
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p r e s s u r e  t o  g iv e  t h e  p r o d u c t  a s  a  y e l lo w  o i l  ( 2 o5g 9 90%) 
w hich was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
P r e p a r a t i o n  o f  lH = p y ra z o lo [5  9 2 = c ] .^ 8 = ti i .a z o le s
(i) 6-Methyl=3-phenyi=lH-pyrazolo[3,2-c]-s= 
t r i a z o l e ,  (1 1 3 ;  T-phenyl)
E th y l  6 = m e th y l= 3 -p h e n y l= lH = p y ra z o lo  [3 @2=c]=
£ = t r i a z o l e - 7 ” C a rb o x y la te  (2 g )  and s u l p h u r i c  a c i d  ( s p . g r ,
1,84-9 16 m l)  w ere h e a t e d  t o g e t h e r  on a  s team  b a t h  f o r
30 m in .  The c l e a r  s o l u t i o n  was th e n  c o o le d  and  p o u re d
i n t o  w a te r  (2Ô0 m l ) .  The t h i c k  c o l o u r l e s s  p r e c i p i t a t e .
( l , 5 g ,  89%) was c o l l e c t e d  and washed w i th  w a te r  (100 m l)
and  d r i e d  t o  g iv e  6=m © thyl= 3 -p h e n y l=lH=p y r a z o l o C3,2=c]=s=
t r i a z p l e - 7- o a rb o x v l iG  a c i d  (1 1 2 ;  Ys=phenyl) a s  a  c o l o u r l e s s
m i c r o c r y s t a l l i n e  s o l i d  (Pound: G,59=2; H s4 ,3  5 N ,2 2 ,9 ,
^12®1Q%^2 3-*equires C ,59«6 ; 5 , 4 , 1 ;  5 ,2 3 ,1 % ) ,
T h is  c a r b o x y l i c  a c i d  ( I g )  and d i m e t h y l a n i l i n e  
(5  m l)  w ere h e a t e d  t o g e t h e r  a t  150° f o r  25  m in ( c a rb o n  
d io x id e  was e v o l v e d ) , The t e m p e r a tu r e  o f  t h e  r e a c t i o n  
m ix tu r e  was th e n  a l lo w e d  t o  r i s e  t o  180° d u r in g  15 m in .
The s o l u t i o n  was c o o le d  and  p o u re d  i n t o  p e t r o le u m  e t h e r  
(b o p ,  6 0 - 8 0 ° ,  200 m l)  and th e  p r e c i p i t a t e  (0 ,6 5 6 ?  79%) 
was c o l l e c t e d .  I t  was r e c r y s t a l l i s e d  from  aqu eo u s  e t h a n o l  
t o  y i e l d  6 = m e th y l -3 - p h e n y l - lH = p y r a z o lo [3 9 2 - c ] = s - t r i a z o l e  
a s  t i n y  b u f f  n e e d l e s ,  m ,p ,  2 1 6 -217°  (Pound; G ,6 6 ,8 ;  
H,5»3? 5 , 2 7 «9%9 m /e 198 , ^ n ® i o ^ 4  ^ ^ q u i r e s  0 , 6 6 ,7 ;
H ,5 = l ;  5 ,2 8 ,3 % ; M ,1 9 8 ) ,
( i i )  6 - M e th y l= ^ = p - to ly l - lH = p y r a z o lo [3 ,2 = c ] =  
8 = t r i a z o l e  (1 1 3 ; Y = p - to ly l )
( a )  E th y l  6 = m e th y l-3 “-£“- to ly l= lH = p y ra z o lo
156
[ 3 j 2 - c ] - s - t r i a z o l e - 7 - c a r ’b o x y la te  ( I g )  and  s u l p h u r i c  a c i d  
( s p . g r ,  1 .8 4 ,  8 m l)  were h e a t e d  t o g e t h e r  on a s team  b a t h  
f o r  90 m in .  The s o l u t i o n  was c o o le d ,  p o u re d  i n t o  w a te r  
(100  m l)  and  th e  p r e c i p i t a t e  was c o l l e c t e d ,  washed w i th  
w a te r  (50 m l) and  r e c r y s t a l l i s e d  from  aqueous m e th a n o l  
t o  g iv e  t h e  p r o d u c t  a s  a  b u f f  m i c r o c r y s t a l l i n e  s o l i d ,
(0.4g, 'ÿ y /o ), m.p. 230° (Pound: 0,67.8; H,5.9; N,26.2.
^12^12^4 requires 0,67.9; H,5.7; 5,26.4%).
(b) E th y l  6 - m e t h y l - 3 - p - t o l y l - l H - p y r a z o l o [ 3 , 2 - c ] -  
s - t r i a z o l e - 7 “ GSLrboxylate (2 g )  and s u l p h u r i c  a c i d  ( s p . g r .
1 . 8 4 ,  16 m l)  were h e a t e d  t o g e t h e r  on a s team  b a t h  f o r  30 
m in ( t h e  t e m p e r a tu r e  o f  t h e  r e a c t i o n  m ix tu re  a t t a i n e d  9 0 -  
95° ''*  Then th e  s o l u t i o n  was c o o le d  and p o u re d  i n t o  w a te r  
(200 m l ) .  The p r e c i p i t a t e  was c o l l e c t e d ,  washed w i th  
w a te r  (100 m l) and  d r i e d  to  g iv e  6 - m ethy1- 3 - P - t o l y l - lH -  
p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e - 7 - c a r b o x y l i c  a c i d , (112 ; Y= 
p - t o l y l )  a s  a  c o l o u r l e s s  m i c r o c r y s t a l l i n e s o l i d ( l .56? 83%) 
(Pound: 0 , 6 0 . 5 ;  H ,4 .6 ;  5 , 2 1 . 7 .  O^^H^^^^Og r e q u i r e s  
0 , 6 0 .9 ;  H ,4 .7 ;  5 ,2 1 .9 % ) .
The p r e c e d in g  compound ( i g )  and d i m e t h y l a n i l i n e  
(5  m l) were h e a t e d  t o g e t h e r  a t  1 5 0 ° ,  ( c a rb o n  d io x id e  
was e v o lv e d ) ,  f o r  25  m in and t h e  t e m p e r a tu re  was a l lo w e d  
to  r i s e  t o  180° d u r in g  20 m in .  The s o l u t i o n  was c o o le d  
and p o u re d  i n t o  p e t r o le u m  e t h e r  ( b . p .  6 0 - 8 0 ° ,  200 m l ) .
The p r e c i p i t a t e  ( 0 . 7 g ,  84%) was r e c r y s t a l l i s e d  from  aqueous  
m e th a n o l  to  y i e l d  6 - m e t h y l - 3 - £ - t o l y l - l H - p y r a z o l o [ 3 î 2 - ç ] -  
s - t r i a z o l e ,  a s  a  b u f f  m i c r o c r y s t a l l i n e  s o l i d .  I n f r a - r e d  
a n a l y s i s  and m ixed m .p .  (2 3 0 ° )  showed i t  t o  be i d e n t i c a l  
w i th  th e  compound o b t a i n e d  by  th e  p r e v io u s  m ethod .
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( i i i  ) 6 -M e tt iy l"3 ““0"“to ly l= lH = p y r a z o lo  [3 , 2 - c ] - s =  
t r i a z o l e  (1 1 3 ;  Y = p - t o l y l )
E th y l  6 = m eth y l“ 3“ 0 - to l y l - l H - . p y r a z o l o  C3 s 2 - c ] - s =  
t r i a z o l e - 7 “ C a r b o x y la te  ( 2 . 4 g )  and s u l p h u r i c  a c i d  ( s p . g r .
1 o84 , 19 = 2 m l)  w ere h e a t e d  t o g e t h e r  f o r  50 min on a  s team  
b a t h ,  t h e  t e m p e r a tu r e  o f  t h e  r e a c t i o n  m ix tu r e  r e a c h e d  95°= 
The s o l u t i o n  was th e n  c o o le d  and  p o u re d  i n t o  w a te r  (240 m l ) .  
The p r e c i p i t a t e  was c o l l e c t e d ,  washed w i th  w a te r  (75  m l) and 
d r i e d  t o  g iv e  6 - m e th y l -3~0"-t o l y l - lH - p y r a z o lo  [ 3 , 2 - c ] - s=  
t r i a z o l e - 7 - c a r b o x y l i c  a c i d  (1 1 2 ;  Y = p - to ly l )  ( 1 . 3 g ,  70%) as  
a  m i c r o c r y s t a l l i n e  s o l i d  (Pound: 0 , 6 0 . 6 ;  H ,4 .5 ;  5 , 2 1 . 6 ,
^ 1 3 % 2 ^4 ^2  ^ G q u ire s  0 , 6 0 . 9 ;  H ,4 ,7 ;  5 ,2 1 .9 % ) .
The p r e c e d in g  a c i d  ( l , 5 g )  and d i m e t h y l a n i l i n e  
(8  m l)  were h e a t e d  a t  150° f o r  30 min and th e n  th e  
t e m p e r a tu r e  was a l lo w e d  t o  r i s e  to  180° d u r in g  15 m in .
The s o l u t i o n  was c o o le d  and  p o u re d  i n t o  p e t r o le u m  e t h e r  
( b . p ,  60= 80°, 200 m l)  and  t h e  p r e c i p i t a t e  ( 0 . 8 g ,  65%) was 
c o l l e c t e d .  R e c r y s t a l l i s a t i o n  from  p e t r o le u m  e t h e r  ( b . p ,  
6 0 - 8 0 ° )  gave c o l o u r l e s s  n e e d l e s ,  o f  6 -M e th y l- 3 - o - t o l y l - lH -  
p y r a z o l o [ 3 , 2 - c ] - s - t r i a zo l e  , m .p .  137° (Pound; 0 ,6 7 . ,7 ;
H ,5=9; 5 , 2 6 , 2 .  r e q u i r e s  0 ,6 7 = 9 ;  5 ,5 = 7 ;  5 ,2 6 .4 % ),
( i  V ) 3 " " M e s i ty l -6 -m e th y l - lH -p y ra z o lo  [ 3 , 2 - c ]  -s= 
t r i a z o l e  (1 1 3 ; Y = m e s i ty l)
E th y l  3 -m e 8 ity T -6 = m e th y l= lH -p y ra z o lo [3  , 2 - c ] - ^ =  
t r i a z o l e - 7 “-c a rb o x y la te  (3 g )  and  s u l p h u r i c  a c i d  ( s p . g r .
I . 8 4 ,  24 m l )  w ere h e a t e d  t o g e t h e r  on a  s te a m b a th  f o r  30 min 
( t h e  t e m p e r a tu r e  o f  t h e  r e a c t i o n  m ix tu re  r e a c h e d  92° ) .
The s o l u t i o n  was t h e n  c o o le d  and p o u re d  i n t o  w a te r  (240 m l) 
and  th e  p r e c i p i t a t e  was c o l l e c t e d ,  washed w i t h  w a te r  (75  m l) 
and d r i e d  to  g iv e  3 - m e s i t y l =6-m e th y l -lH =p y r a z o l o [3 ,2 = c ]= 8 =  
t r i a z o l e - 7 - c a r b o x v l i c  a c i d , (1 1 2 ;  Y = m e s i ty l)  ( 1 . 7 g ,  62%) as
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t i n y  c o l o u r l e s s  n e e d l e s  (Pounds 0 ,63=0; 5 , 5  = 4 ;  5 , 1 9 . 5  =
^ 1 5 ^ 1 6 ^ 2  :"G quires 0 , 6 3 . 4 ;  H,5 = 6; 5 , 1 9 . 7 % ) .
T h is  c a r b o x y l i c  a c i d  (Oo7s) and d i m e t h y l a n i l i n e  
(3=5 m l) were h e a t e d  a t  1 5 0 ° f o r  20 min ( c a rb o n  d io x id e  
was e v o lv e d )a n d  th e n  t h e  t e m p e r a tu r e  was a l lo w e d  t o  r i s e  
to  180° d u r in g  20 m in .  The s o l u t i o n  was c o o le d  and 
p o u re d  i n t o  p e t r o le u m  e t h e r  ( b . p .  6 0 -8 0 ° ,  70 m l ) .  The 
p r e c i p i t a t e  ( 0 . 5 5 s ,  93%) was c o l l e c t e d  and r e c r y s t a l l i s e d  
from  e t h a n o l  to  g iv e  3 - m e s i t y l - 6 - m e th y l - 1 5 - p y r a z o l o [ 3 , 2 - c ] -  
s - t r i a z o l e a s  a c o l o u r l e s s  m i c r o c r y s t a l l i n e  s o l i d ,  m .p .
2 34° (Pound: 0 ,6 9  = 8; 5 , 6 . 8 ;  5 , 2 3 . 3 .  ^14^16^4 ^®5’ai3?es
0 ,7 0 ;  5 , 6 . 7 ;  5 , 2 3 . 3%).
(v )  3- o - 0 h lo r o o h e ny l - 6 - m e t h y l - l H - p y r a z o l o [ 3 ,2 - c ] -  
s = t r i a z o l e  (1 1 3 ; T = o -c h io ro p h e n y l )
E th y l  3“ o=c h io  ro p h e n y l~  6-me t h y 1 - 1 5 - p y ra z o lo  
[ 3 , 2 - c ] ~ ^ - t r i a z o l e - 7 ' “C a rb o x y la te  (5  = 8g) and s u l p h u r i c  
( s p . g r .  1 .8 4 ,  46 m l)  were h e a t e d  t o g e t h e r  on a s team  b a t h  
f o r  30  m in , ( t h e  te m p e r a tu r e  of t h e  r e a c t i o n  m ix tu re  
r e a c h e d  9 4 ° ) .  The s o l u t i o n  was th e n  c o o le d  and p o u re d  i n t o  
w a te r  (480 m l) and t h e  p r e c i p i t a t e  was c o l l e c t e d ,  washed 
w i th  w a te r  (120 m l)  and  d r i e d  to  y i e l d  3 - o - c h lo ro p h e n y l - 6 -  
m e th y l - l H - p y r a z o l o [3 , 2 - c ] - s - t r i a z o l e - 7 - cG irboxylic  a c i d  
(112 : Y =o-chi o r  o p h e n y l)  (5 g j  95%) Gis a c o l o u r l e s s  m ic ro ­
c r y s t a l l i n e  s o l i d ,  m .p ,  15 6 ° (decomp) (Pound: 0 ,5 1 = 8 ; 
5 , 3 . 2 ;  0 ^ ,1 2 .7 ;  5 , 2 0 . 0 ,  ^12^9^'^^4^2 f ^ ^ u i r e s  0 , 5 2 .1 ;
5 , 3 . 3 ;  0 ^ \ 1 2 .8 ;  5 ,2 0 .2 % ) .
T h is  a c i d  (3 g )  and  d i m e t h y l a n i l i n e  (15  m l) were 
h e a t e d  t o g e t h e r  a t  150° f o r  30 min d u r in g  w hich  c a rb o n  
d io x id e  was e v o lv e d ,  and th e n  th e  t e m p e r a tu r e  was s lo w ly  
r a i s e d  t o  180° d u r in g  15 m in .  The s o l u t i o n  was c o o le d .
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p o u re d  i n t o  p e t r o le u m  e t h e r ( b . p .  6 0 -8 0 ° ,  150 m l ) .  The 
p r e c i p i t a t e  ( 2 , l g ,  85%) r e c r y s t a l l i s e d  from  p e t r o le u m  
e t h e r  ( b . p .  6 0 -8 0 ° )  t o  g iv e  $ - o - c h lo r o p h e n y l - 6 - m e th y l - lH -  
p y r a z o l o [ 5 , 2 _ c ] - 8 - t r i a z o l e  a s  t i n y  b u f f  n e e d l e s ,  m .p .
184 -185°  (Pound: 0 , 5 6 . 8 ;  H ,4 .1 ;  0 ,2 ,1 5 .1 ;  5 , 2 4 . 0 .
0iiH^0,25^ r e q u i r e s  0 , 5 6 . 8 ;  5 ,3 = 9 ;  0,2,15 = 3; 5 ,2 4 .1 % ) .
( v i )  3 -p  -  c h i  o r  o p h en y l  -6-me t h y  1 -  IH -p y r  a z o 1 o 
L 3 . 9 _ 2 - c ] - s - t r i a z o l e (1 1 3 ; Y = p-ch i o ro p h e n y l  )
( a )  E th y l  3 - 2 - c h i o r  op h en y l-6 -m  e t h y l - I H - p y r a  zo1o 
[ 3 , 2 - c ] - _ s - t r i a z o l e - 7 - c a r b o x y l a t e  (3 = 5g) and c o n c e n t r a t e d  
s u l p h u r i c  a c i d  (35  m l) were h e a t e d  t o g e t h e r  on a s team  
b a t h  f o r  90 m in .  The s o l u t i o n  was th e n  c h i l l e d  and p o u re d  
i n t o  w a te r  (200 m l) and  t h e  p r e c i p i t a t e  ( l , 5 g ,  56%) was 
c o l l e c t e d ,  washed w i th  w a te r  (50  m l ) ,  d r i e d  and r e c r y s t a l l i s e d  
from  e th a n o l  t o  g iv e  th e  p r o d u c t  a s  t i n y  n e e d l e s ,  m .p .  264° 
(Pound: 0 , 5 6 .5 ;  H,3 = 8; 0,2,15 = 2; 5 , 2 4 . 1 .  0^^H^0,25^
r e q u i r e s  0 , 5 6 ,8 ;  5 , 3 . 9 ;  0,2,15 = 3 ; 5 ,2 4 .1 % ) .
(b )  Method ( a )  was r e p e a t e d  e x c e p t  t h a t  t h e  
h e a t i n g  p e r i o d  was l i m i t e d  to  30 min and t h e  p r e c i p i t a t e  
o b ta in e d  was t h e  c o r r e s p o n d in g  c a r b o x y l i c  a c i d .  T h is  was 
d e c a r b o x y la te d  i n  d i m e t h y l a n i l i n e ,  s i m i l a r l y  t o  th e  
p r e v io u s  ex am p les .  The p r o d u c t  ( l . 9 g ,  70%) was shown to  
be i d e n t i c a l  w i th  t h a t  o f  m ethod ( a )  by m ixed m .p .  ( 2 6 4 ° ) .
( v i i )  3 - 2 ' , 6 ' - D i c h l o r o p h e n y l - 6 - m e t h y l - l H - p y r a z o l o  
[ 3 , 2 - c ] - s - t r i a z o l e  (1 1 3 ; Y = 2 ,6 - d ic h lo ro p h e n y l )
E th y l  3 - 2 ' , 6 ‘- d ic h lo r o p h e n y l - 6 - m e t h y l - l H - p y r a z o l o  
[ 3 , 2 - c ] - 8 - t r i a z o l e - 7 - c a r b o x y l a t e  (2 g )  and s u l p h u r i c  a c i d  
( s p . g r .  1 .8 4 ,  16 m l)  were h e a t e d  t o g e t h e r  on a  s team  b a t h  
f o r  30 m in .  The s o l u t i o n  was th e n  c o o le d  and p o u re d  i n t o  
w a te r  (200 m l ) .  The p r e c i p i t a t e  was c o l l e c t e d  and washed 
w i th  w a te r  (100 m l)  to  y i e l d ,  3 - 2 ' , 6 ' - d i c h l o r o p h e n y l - 6 - m e t h y l -
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lH -p y r a z o l o [ 3 ,2 - G ] - 8 - t r i a z o l e - 7 - c a r b o x y l i c  a c i d  (112 ;
Y=2 , 5 - d i c h l o r o p h e n y l )  ( l . 7 g ?  93%) a c o l o u r l e s s  m ic ro ­
c r y s t a l l i n e  s o l i d  (Found: 0 ,4 5  = 9 ;  5 ,2 . 6 ;  0 ,2 ,2 2 .6 ;  5 , 1 7 . 8 .
^12^8^^2^4^2 ^® 5e.ires 0 , 4 6 .3 ;  5 , 2 . 6 ;  0 ,2 ,2 2 .8 ;  5 ,1 8 .0 % ) .
T h is  c a r b o x y l i c  a c i d  ( i g )  and  d i m e t h y l a n i l i n e  (5  m l)  were 
h e a t e d  t o g e t h e r  a t  1 5 0 ° f o r  50 min d u r in g  w hich c a rb o n  
d io x id e  was e v o lv e d ,  and  th e n  th e  t e m p e r a tu r e  was r a i s e d  
to  180° d u r in g  15 m in .  The s o l u t i o n  was c o o le d  and  p o u re d  
i n t o  p e t ro le u m  e t h e r  ( b . p .  5 0 - 8 0 ° ,  50 m l ) .  The p r e c i p i t a t e  
( 0 . 7 5 g ,  87%) was c o l l e c t e d  and r e c r y s t a l l i s e d  from  e t h a n o l -  
p e t ro le u m  e t h e r  ( b . p .  6 0 -8 0 ° )  to  g iv e  3 - 2 ' , 6 * - d i c h l o r o p h en y l -
6- m e th y l - 1 5 - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  a s  t i n y  b u f f  n e e d l e s ,  
m .p .  337° (Found: 0 ,4 9  = 4 ;  5 , 3  = 2; 0 ,2 ,2 6 .4 ;  5 , 2 0 . 8 .
^11^8^^2^4 ^Gqu^^GS 0 ,4 9  = 5; 5 ,3 = 0 ;  0 ,2 ,2 6 .6 ;  5 ,2 1 .0 % ) .
( v i i i )  3 - o - F lu o r o p h e n y l - 6 - m e th y l - 1 5 - p y r a z o lo [ 3  ^ 2 - c ] -  
s - t r i a z o l e  (1 1 3 ;  Y = o - f lu o ro p h e n y l)
( a )  E th y l  3 - o - f lu o r o p h e n y l - 6 - m e t h y l - l S - p y r a z o l o  
[ 3 , 2 - c ] - _ s - t r i a z o l e - 7 ' - c a r b o x y l a t e  ( l . 5 g )  and s u l p h u r i c  
a c i d  ( s p . g r ,  1 .8 4 ,  12 m l)  were h e a t e d  t o g e t h e r  on a s team  
b a t h  f o r  90 m in .  The s o l u t i o n  was c o o le d  and p o u re d  i n t o  
w a te r  (150 m l ) .  The p r e c i p i t a t e  ( 0 . 7 g ,  62%) was c o l l e c t e d ,  
washed w i th  w a te r  (5 0  m l) and  r e c r y s t a l l i s e d  from  aqueous  
e th a n o l  t o  g iv e  t h e  p r o d u c t  a s  c o l o u r l e s s  r o d s  t i n g e d  p i n k ,
m .p .  210° (Found: 0 , 6 1 . 5 ,  5 , 4 . 4 ;  5 ,2 5 .6 % ;m /e  216.
^11^9^^4 ^®i’ai-3?es 0 , 6 1 . 1 ;  5 , 4 . 2 ;  5 ,2 5  = 9%» M ,2 l 6 ) .
(b )  E th y l  3 - 0 - f l u o r  o p h e n y l -6 -m e th y l - 1 5 - p y ra z o lo  
[ 3 , 2 - c ] - s - t r i a z o l e - 7 - c a r b o x y l a t e  (3=3g) and c o n c e n t r a t e d  
s u l p h u r i c  a c i d  (26 m l) were h e a t e d  t o g e t h e r  on a  s team  
b a t h  f o r  30 min d u r in g  w hich  th e  t e m p e r a tu r e  o f  t h e  r e a c t i o n  
m ix tu re  r e a c h e d  9 4 ° .  The s o l u t i o n  was c o o le d  and p o u re d
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i n t o  w a te r  (5 0 0  m l)  and  th e  p r e c i p i t a t e  (2 .3 g ?  77%) was 
c o l l e c t e d ,  w ashed w i th  w a te r  (100 m l) and  d r i e d  t o  g iv e
3 - o - f ln o r o p h e n y i - 6 - m e th y l - l H - p y r a z o l o [ 5 , 2 - c ] - 8 - t r i a z o l e - 7 -  
c a r h o x y l i c  a c i d  (1 1 2 ; Y=o- f l u o r o p h e n y l)  a s  a c o l o u r l e s s  
m i c r o c r y s t a l l i n e  s o l i d .  (Found: 0 ,5 5 = 0 ; H ,3=3; 5 ,2 1 .3 =
0^2H^F5^02 r e q u i r e s  0 ,5 5 = 4 ;  H ,3 .5 ;  5 ,2 1 .5 % ) .
The c a r b o x y l i c  a c i d  ( 2 .3 g )  and  d i m e t h y l a n i l i n e  
( 1 1 .5  m l)  were h e a t e d  t o g e t h e r  a t  1 5 0 ° f o r  30 min d u r in g  w hich  
c a rb o n  d io x id e  was e v o lv e d ,  and th e n  th e  t e m p e r a tu r e  
was s lo w ly  r a i s e d  t o  180° d u r in g  15 m in .  The s o l u t i o n  was 
c o o le d  and p o u re d  i n t o  p e t r o le u m  e t h e r  ( b . p .  6 0 - 8 0 ° ,
200 m l ) .  The p r e c i p i t a t e  ( l . 5 g ,  79%)was c r y s t a l l i s e d  from  
aqueous e th a n o l  a s  c o l o u r l e s s  r o d s ,  m .p .  210° i d e n t i c a l  
w i th  th e  p r o d u c t  from  m ethod  ( a )  a s  shown by  i n f r a - r e d  
a n a l y s i s  and  m ixed m .p .  ( 2 1 0 ° ) .
( i x )  3 - P - F l u o r o p h e n y l - 6 - m e th y l - lH - p y r a z o lo [ 3  »2-c]  
- s - t r i a z o l e  (113 ; Y = p - f lu o ro p h e n y l)
E th y l  3 - p - f l u o r o p h e n y l - 6 - m e th y l - lH - p y r a z o lo  
[ 3 , 2 - c ] - s - t r i a z o l e - 7 - c a r b o x y l a t e  ( I g )  was h e a t e d  w i th  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  (8  m l) on a s team  b a t h  f o r  
30 m in .  The s o l u t i o n  was c o o le d  and p o u re d  i n t o  w a te r  
(100 m l ) .  The p r e c i p i t a t e  ( 0 .8 5 g ,  94%) was c o l l e c t e d ,  
washed w i th  w a te r  (50 m l) and  d r i e d  to  y i e l d  3 -P -f l u o r o -  
p h e n y l - 6 - m e th y l- l H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e - 7 - c a r b o x y l i c  
a c i d  (112 ; Y f l u o r o p h e n y l ) a s  a c o l o u r l e s s  m ic ro ­
c r y s t a l l i n e  s o l i d  (Found: 0 ,5 5 = 2 ;  H ,3 . 6 ;  5 , 2 1 . 3 .
C^2HgF5^02 r e q u i r e s  0 ,5 5 = 4 ;  H ,3=5; 5 ,2 1 .5 % ) .  T h is
c a r b o x y l i c  a c i d  (2 g )  was h e a t e d  w i th  d i m e t h y l a n i l i n e  (10 m l) 
a t  160° f o r  50 m in .  Oarbon d io x id e  was e v o lv e d ,  th e  
t e m p e r a tu r e  th e n  was r a i s e d  t o  180° d u r in g  15 m in .  The
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s o l u t i o n  was c o o le d  and  p o u re d  i n t o  p e t r o le u m  e t h e r  
( t u p .  50 -  8 0 ° ,  150  m l ) .  The p r e c i p i t a t e  ( l . 3 g ,  78%) was 
c o l l e c t e d  and r e c r y s t a l l i s e d  from  e th a n o l  to  g iv e  3 - p -  
f l u o r o p h e n y l - 6 - m e th y l - lH  -  p y r a z o l o [3 » 2 - c ] - s - t r i a z o l e  as  
h u f f  n e e d l e s ,  m .p .  243° (Found; 0 , 6 1 .3 ;  H ,4 .3 ;  5 , 2 3 . 8 .
OiiH^F5^ r e q u i r e s  0 , 6 1 . 1 ;  H ,4 „2 ;  5 ,2 5 .9 % ) .
( x )  6 - M e t h y l - 3 - o - n i t r o p h e n y l - l H - p y r a z o l o [ 3 , 2 - c ] -  
s - t r i a z o l e  (1 1 3 ;  Y=0: - n i t r o p h e n y l ).
E th y l  6 - m e t h y l - 3 ~ o - n i t r o p h e n y l - l H - p y r a z o l o [ 3 , 2 - c ] -  
s - t r i a z o l e - 7 - c a r h o x y l a t e  ( 1 . 5 s )  and c o n c e n t r a t e d  s u l p h u r i c  
a c i d  (12 m l) were h e a t e d  t o g e t h e r  on a s tea m  h a t h  f o r  
30 m in .  The s o l u t i o n  was t h e n  c o o le d ,  p o u re d  i n t o  w a te r  
(200 m l) and t h e  p r e c i p i t a t e  ( i g ,  73%) was c o l l e c t e d  and 
washed w i th  w a te r  (7 0  m l)  and  d r i e d  to  g iv e  6 - m ethy1- 3 - 0 -  
n i t r o p h e n y l - l H - p y r a z o l o [3  ? 2 - c ] - s - t r i a z o l e - 7 ~ c a r b o x y l i c  a c i d  
(1 1 2 ; Y = p - n i t r o p h e n y l ) a s  a y e l lo w  m i c r o c r y s t a l l i n e  s o l i d  
(Found: 0 ,4 9 = 8 ;  H ,3=0; 5 , 2 4 . 1 .  G^gHg^^O^ r e q u i r e s
0 , 5 0 . 2 ; H ,3 = l ;  5 ,2 4 .4 % ) .
The p r e c e d in g  a c i d  ( I g )  was h e a t e d  w i th  d im e th y l ­
a n i l i n e  (5  m l)  a t  150° f o r  25  m in d u r in g  w h ich  c a rb o n  
d io x id e  was e v o lv e d .  The t e m p e r a tu r e  was t h e n  s lo w ly  
r a i s e d  to  180° d u r in g  20 m in .  The s o l u t i o n  was c o o le d  and 
p o u re d  i n t o  p e t r o le u m  e t h e r  ( b . p .  60 -  8 0 ° ,  100 m l ) .  The 
p r e c i p i t a t e  ( 0 .6 5 g ,  77%) was c o l l e c t e d  and  r e c r y s t a l l i s e d  
from  a m ix tu re  o f  b e n zen e  and  p e t ro le u m  e t h e r  ( b . p .  60 -  8 0 °)  
t o  g iv e  6 - m ethy l - 3 " 0 - n i t r o p h e n y l - lH - p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e  a s  a y e l lo w  m i c r o c r y s t a l l i n e  s o l i d ,  m .p .  197°
(Found: 0 , 5 4 .1 ;  5 , 3  = 7 ; 5 , 2 8 . 6 .  r e q u i r e s
0 , 5 4 . 3 ;  5 , 3 . 7 ;  5 ,2 8 .8 % ) .
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( x i )  6-M e t h y l - 3 - P - n i t r o p h e n y 1 - IH -p y ra  z o1o 
[3 » 2 - c ] - s - t r i a z o l e  (1 1 3 ;  Y=p-iii t r  oph en y l )
E th y l  6 - m e t h y l - 3 - p - n i t r o p h e n y l - l H - p y r a z o l o [ 3 »2 - c ]  
- ^ - t r i a z o l e - 7 - c a r b o x y l a t e  (2 g )  and c o n c e n t r a t e d  s u l p h u r i c  
a c i d  (16  m l) were h e a t e d  t o g e t h e r  f o r  30 min on a s team  b a t h .  
The s o l u t i o n  was t h e n  c o o le d  and  p o u re d  i n t o  w a te r  (200 m l ) .  
The p r e c i p i t a t e  ( l . 4 g ,  77%) was c o l l e c t e d  and washed w i th  
w a te r  (100 m l)  and  d r i e d  t o  g iv e  6 -m e th y l - 3 - P - n i t r o p h e n y l - l H -  
p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e - 7 - c a r b o x y l i c  a c i d  (1 1 2 ;  Y = p -n i t ro -  
p h e n y l )  a s  y e l lo w  m i c r o c r y s t a l l i n e  s o l i d  (Pound: 0 , 5 0 . 2 ;
H ,3  = l ;  5 , 2 4 . 2 .  r e q u i r e s  0 , 5 0 . 2 ; H ,3 .1 ;
5 ,2 4 .4 % ) .
The c a r b o x y l i c  a c i d  ( i g )  and d i m e t h y l a n i l i n e  
(5  m l)  were h e a t e d  t o g e t h e r  a t  150° f o r  30 m in .  Carbon 
d io x id e  was e v o lv e d .  The te m p e r a tu r e  was r a i s e d  to  180° 
d u r in g  15 min and t h e  s o l u t i o n  was th e n  c o o le d .  I t  was 
p o u r e d  i n t o  p e t r o le u m  e t h e r  ( b . p .  60 -  8 0 ° ,  100 m l)  and 
th e  p r e c i p i t a t e  ( 0 . 7 g ,  83%) was r e c r y s t a l l i s e d  from  e t h a n o l  
to  g iv e  6 - m ethy13-P-n it r o p h e n y 1- IH -p y r a z u l o [ 3 , 2 - c ] - s - t r i a z o l e  
as  t i n y  y e l lo w  n e e d l e s ,  m .p .  305° (Pound; 0 , 5 4 .0 ;
H ,3 .6 ;  5 , 2 8 . 7 .  r e q u i r e s  0 , 5 4 .3 ;  H ,3 .7 ;  5 ,2 8
( x i i )  3 - H e x y l - 6 - m e th y l - lH - p y r a z o lo [ 3 , 2 - c ] - s -  
t r i a z o l e  (1 1 3 ; Y =hexyl)
E th y l  3 - h e x y l ~ 6 - m e t h y l - l H - p y r a z o l o [ 3 ,2 - c ] - s -  
t r i a z o l e - 7 - c a r b o x y l a t e  (5 g )  was h e a t e d  w i th  a s o l u t i o n  o f  
p o ta s s iu m  h y d ro x id e  (3 0 g )  i n  m e th a n o l  (75  m l)  u n d e r  r e f l u x  
f o r  4 h r .  The m e th a n o l  was th e n  d i s t i l l e d  o f f ,  t h e  r e s i d u e  
was d i s s o l v e d  i n  w a te r  (100  m l) and th e  s o l u t i o n  was c o o le d  
and  t r e a t e d  w i th  a c e t i c  a c i d  t o  pH 6 . 0 ,  The p r e c i p i t a t e  
( 1 . 8 g ,  40%) was c o l l e c t e d ,  washed w i th  w a te r  and  d r i e d  to  
g iv e  3 - h e x y l - 6 - m e th y l - lH - p y r a z o lo [ 3  » 2 - c ] - s - t r i a z o l e - 7 -
164
c a r b o x y l i c  a c i d  (1 1 2 ;  Y=liexyl) as  a  c o l o u r l e s s  m ic ro -  
c r y s t a l l i n e  s o l i d ,  m .p .  108° (d eco m p .)  (Pound; 0 ,5 7 = 4 ;  
H,7cO; 5 , 2 2 . 1 .  O^gH^gN^Og r e q u i r e s  0 ,5 7 = 6 ;  H ,7=2;
5 ,2 2 .4 % ) .
T h is  c a r b o x y l i c  a c i d  was a l s o  o b t a i n e d  by 
h y d r o l y s i s  o f  t h e  e s t e r  i n  s u l p h u r i c  a c i d  a t  90  -  95° f o r  
30  m in , s i m i l a r l y  t o  t h e  p r o c e d u r e s  p r e v i o u s l y  d e s c r i b e d .
The c a r b o x y l i c  a c i d  ( i g )  was su b lim e d  a t  120° 
i n  vacuum . The s u b l im a te  ( 0 . 4 g ,  48%) was r e c r y s t a l l i s e d  
from  p e t r o le u m  e t h e r  ( b . p .  60 -  80 °)  t o  g iv e  3 - h e x y l - 6 -  
m e th y l - l H - p y r a z o l o [ 3 , 2 - c 3 - s - t r i a z o l e  a s  t i n y  c o l o u r l e s s  
r o d s ,  m .p .  110 -  1 1 1 ° (Pound: 0 , 6 4 .2 ;  H ,8 .8 ;  5 , 2 7 . 1 .
^11^18^4 0 , 6 4 . 1 ;  H ,8 .7 ;  5 ,2 7 .2 % ) .
( x i i i )  6 - M e th y l - 3 - m e t h y l t h i o - l H - p y r a z o l o [ 3  » 2 - c ] -  
8 - t r i a z o l e  (1 1 9 ; X=m ethyl)
M ethy l i o d i d e  (1 8 g )  was added to  a  w e l l  s t i r r e d  
s u s p e n s io n  o f  t h i o c a r b o h y d r a z i d e  ( I 2 g )  i n  b o i l i n g  e th a n o l  
(400 m l) and t h e  m ix tu re  was h e a t e d  u n d e r  r e f l u x  f o r  2 h r .  
The r e s u l t i n g  s o l u t i o n  was f i l t e r e d ,  c o o le d ,  and th e  s o l i d  
c o l l e c t e d .  E th a n o l  (200 m l)  was d i s t i l l e d  from  th e  
f i l t r a t e ,  and  on c o o l i n g  t h e  r e s i d u a l  s o l u t i o n ,  a f u r t h e r  
q u a n t i t y  o f  c o l o u r l e s s  s o l i d  was d e p o s i t e d .  The combined 
c ro p s  o f  c r y s t a l s  (19=6g , 70%) were r e c r y s t a l l i s e d  from  
e th a n o l  t o  g iv e  S - m ethy l  i s o th io c a r b o h y d r a z i d e  h y d r io d id e  
(1 1 7 )  9-s c o l o u r l e s s  n e e d l e s ,  m .p .  145° (Pound: 0 ,9  = 5; 
H ,3 .8 ;  1 , 5 0 .9 ;  5 , 2 2 . 5 ;  8 , 1 2 . 8 .  G2H^I5^S r e q u i r e s  
0 , 9 . 7 ;  H ,3 .6 ;  1 , 5 1 . 2 ;  5 , 2 2 . 6 ;  8 ,1 2 .9 % ) .
8 -M eth y l  i s o th io c a r b o h y d r a z i d e  h y d r io d id e  ( 2 . 5 g )  
and  e t h y l  a c e t o a c e t a t e  ( l . 3 g )  were h e a t e d  t o g e t h e r  a t  120° 
f o r  30 m in .  The m ix tu r e  was c o o le d  and th e  gum was
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d i s s o l v e d  i n  h o t  e t h a n o l  (50  m l ) .  S in c e  no s o l i d  s e p a r a t e d  
on c o o l i n g ,  t h e  e t h a n o l  was rem oved by  d i s t i l l a t i o n ,  and 
t h e  gum was e x t r a c t e d  i n t o  h o t  e t h y l  a c e t a t e  l e a v i n g  an 
i n s o l u b l e  r e s i d u e . 5o s o l i d  m a t e r i a l  s e p a r a t e d  from  t h e  
c o o le d  e t h y l  a c e t a t e  s o l u t i o n ,  so th e  s o l v e n t  was rem oved 
by  d i s t i l l a t i o n  t o  l e a v e  a  r e s i d u a l  y e l lo w -b ro w n  gum w hich  
d id  n o t  s o l i d i f y .  U n s u c c e s s f u l  a t t e m p t s  were made to  o b t a i n  
a s o l i d  p r o d u c t  by t . l . c *  i n  e i t h e r  b en zen e  o r  e t h y l  a c e t a t e  
from  s i l i c a  g e l  p r e c o a t e d - s h e e t . However, i n  a  q u a l i t a t i v e  
t e s t ,  t h e  gum c o u p le d  w i t h  2 - a m in o - 5 - d i e th y la m in o to lu e n e ,  
when o x i d i s e d  w i th  p o ta ss iu m  p e r s u l p h a t e ,  i n  sodium  c a r b o n a te  
s o l u t i o n  to  g iv e  a dye w hich  h ad  Amax i n  e t h y l  a c e t a t e  a t  
541 nm; a d ro p  o f  d i l u t e  n i t r i c  a c i d  added  t o  t h e  e t h y l  
a c e t a t e  s o l u t i o n  o f  t h e  d y e ,  c a u s e d  i t  t o  become b lu e  
i n d i c a t i n g  t h a t  t h e  dye was o f  t h e  p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e  a z a m e th in e  t y p e .
( x i v )  3 - M e t h y l t h i o - 6 - p h e n y i - l H - p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e  (1 1 9 ; X =phenyl)
E th y l  b e n z o y l a c e t a t e  (9=6g) and S -m e th y l  i s o ­
th i o c a r b o h y d r a z i d e  h y d r io d i d e  (12.4g) were h e a t e d  t o g e t h e r  
a t  110 -  115° f o r  25  m in and  d u r in g  t h e  l a s t  5 m in o f  
t h e  h e a t i n g ,  t h e  v o l a t i l e  r e a c t a n t s  were d i s t i l l e d  u n d e r  
r e d u c e d  p r e s s u r e .  The r e s i d u e  was t r e a t e d  w i th  sodium  
c a r b o n a te  s o l u t i o n  (10%, 300 m l) and th e  s m a l l  amount 
o f  i n s o l u b l e  o i l y  m a t e r i a l  rem oved by  f i l t r a t i o n .  The h o t  
c l e a r  c a r b o n a te  s o l u t i o n  was c o o le d  and th e  s o l i d  w hich  
s e p a r a t e d  was c o l l e c t e d  and r e c r y s t a l l i s e d  from  b e n z e n e  t o  
g iv e  th e  p r o d u c t  (5 g )  Eis c o l o u r l e s s  n e e d l e s ,  m .p .  1 7 9 ° 
(Pound: 0 ,5 7 = 6 ;  H , 4 . 2 ;  5 , 2 3 . 9 ;  8 ,1 3 .9 % ; m /e 230.
* ^ iA o ^ 4 ®  r e q u i r e s  0 ,5 7 = 4 ;  H ,4 .3 ;  5 , 2 4 . 3 ;  8 ,1 3 .9 % ;
M,230).
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(x v )  3 -M e th y l t h i o - 6 - p - n i t r o p h e n y l - l H - p y r a z o l o  
[ 3 » 2 - c ] - s - t r i a z o l e  (1 1 9 ;  X t= £ -n i t ro p h e n y l)
E th y l  p - n i t r o b e n z o y l a c e t a t e  ( 2 . 3 g ) ,  8-m e th y l  
i s o t h i o c a r b o h y d r a z i d e  h y d io d id e  ( 2 . 4 g )  and amyl a l c o h o l  
(40 m l) were h e a t e d  u n d e r  r e f l u x  f o r  35 m in .  The s o l u t i o n  
was c o o le d  and t h e  y e l lo w  s o l i d  c o l l e c t e d .  I t  was 
r e c r y s t a l l i s e d  from  amyl a l c o h o l  to  g iv e  th e  p r o d u c t , ( I g )  
as  y e l lo w  r o d s ,  m .p .  277° (Pound: 0 , 4 7 .8 ;  H ,3 .4 ;  N ,2 5 .7 ;
8 , 1 1 . 4 .  0 ^^HgN^028 r e q u i r e s  0 , 4 8 .0 ;  H ,3 .3 ;  N ,2 5 . 5 ;
8 , 11. 6%).
( x v i )  3 - M e t h y l t h io - 6 - m - n i t r o p h e n y l - lH - p y r a z o lo  
r 3 , 2 - c ] - s - t r i a z o l e  (1 1 9 ;  X = m -n i t ro p h e n y l)
E th y l  m - n i t r o b e n z o y l a c e t a t e  ( 2 . 4 g )  and 8 -m e th y l  
i s o t h i o c a r b o h y d r a z i d e  h y d r io d i d e  ( 2 .5 g )  were h e a t e d  a t  
120° f o r  15 m in .  The r e a c t i o n  mass was c o o le d ,  t r e a t e d  w i th  
sodium c a r b o n a te  s o l u t i o n  (10%, 80 m l) and h e a t e d  u n t i l  
m ost o f  t h e  s o l i d  h ad  d i s s o l v e d .  The h o t  m ix tu r e  was 
f i l t e r e d  and t h e  y e l lo w  s o l i d  ( 0 . 8 g ) ,  w hich  s e p a r a t e d  from  
t h e  f i l t r a t e ,  was r e c r y s t a l l i s e d  from  b en zen e  t o  g iv e  
t h e  pr o d u c t  as  a  y e l lo w  m i c r o c r y s t a l l i n e  s o l i d ,  m .p .  217° 
(Pound; 0 ,4 7 - 7 ;  H ,3 -4 ;  5 , 2 5 . 3 ;  8 , 1 1 . 7 .  Gii^g^^OgS
r e q u i r e s  0 , 4 8 .0 ;  H ,3=3; 5 , 2 5 . 5 ;  8 ,1 1 .6 % ) .
O o n d e n sa t io n  o f  c a r b o h y d ra z id e  w i th  e t h y l  a c e t o a c e t a t e  
O a rb o h y d ra z id e  (9g )»  e t h y l  a c e t o a c e t a t e  (13g) 
and e th a n o l  (300 m l) were h e a t e d  u n d e r  r e f l u x  f o r  4 h r  d u r in g  
w hich some s o l i d  s e p a r a t e d .  The m ix tu re  was f i l t e r e d  and 
t h e  s o l i d  was r e j e c t e d .  The f i l t r a t e  was e v a p o r a te d  to  
d ry n e s s  and t h e  c o l o u r l e s s  r e s i d u e  was r e c r y s t a l l i s e d  from  
m e th an o l  t o  g iv e  3 - m e t h y l - 2 - p y r a z o l i n - 5-o n e  ( 7 . 5 g , 77%), 
m .p . 216° (Pound: 0 ,4 9 = 3 ;  H ,6 .2 ;  5 ,2 8 .5 =  O a lc .  f o r
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G^HgNgO 0 , 4 9 . 0 ;  H ,6 . 1 ;  5 ,2 8 .6 % ) .  The p r o d u c t  c o u p le d  
w i th  o x i d i s e d  2 - am ino- 5 - d ie th y l a m in o to lu e n e  t o  g iv e  
a dye i d e n t i c a l  w i th  t h a t  o b t a i n e d  s i m i l a r l y  from  an  
a u t h e n t i c  sam ple  o f  3 - m e th y i - 2 - p y r a z o l i n - 5 - o n e .  The dye 
had  Amax i n  e t h y l  a c e t a t e  a t  512 and 443 um.
Oonden s a t i o n  o f  t h i o c a r b o h y d r a z i d e  w ith  e t h y l  a c e t o a c e t a t e
T h io c a rb o h y d r a z id e  (5 .3 s ) s e t h y l  a c e t o a c e t a t e  
(6 « 5 g )  end  e t h a n o l  (1 5 0  m l)  were h e a t e d  u n d e r  r e f l u x  f o r  
4 h r .  The s o l i d  was r e j e c t e d ,  th e  f i l t r a t e  was e v a p o r a te d  
to  d ry n e s s  and th e  r e s i d u e  was r e c r y s t a l l i s e d  from  m e th a n o l  
t o  g iv e  3 - m e th y i - 2 - p y r a z o l i n - 5 - o n e  (4 g ,  82%), m .p .  2 1 6 ° .
A c t io n  o f  p o ta s s iu m  h y d ro x id e  on e t h y l  6 - m e t h y i - 3 - P - t o l y l -  
I H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e - 7 - c e r b o x y l a t e
E th y l  6 - m e t h y i - 3 - 2 - t o l y l - l H - p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e - 7 - c a r b o x y l a t e  (0 » 9 g )  was t r e a t e d  w i th  p o ta s s iu m  
h y d ro x id e  ( I g )  d i s s o l v e d  i n  m e th a n o l  (10 m l ) ,  and th e  
m ix tu re  h e a t e d  u n d e r  r e f l u x  f o r  4 h r .  The m e th a n o l  was 
rem oved by d i s t i l l a t i o n ,  th e  r e s i d u e  was d i s s o l v e d  i n  
w a te r  (50 m l) and t h e  s o l u t i o n  was n e u t r a l i s e d  w i th  a c e t i c  
a c i d .  The p r e c i p i t a t e  ( 0 . 7 g ,  7 & / o )  was shown t o  be  r e c o v e r e d  
s t a r t i n g  m a t e r i a l  by  i n f r a - r e d  a n a l y s i s  and m ixed  m .p .  ( 2 3 6 ° ) .
A c t io n  of s u l p h u r i c  a c i d  on 3 -m e th y l t h i o - 6 - p h e n y l - l H -  
p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e
3 -M e th y l t h i o - 6 - p h e n y l - l H - p y r a z o l o [ 3 , 2 - c ] “ S -  
t r i a z o l e  ( 0 . 5 g )  was d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  (5  m l) by warm ing .  The s o l u t i o n  was c o o le d  and p o u re d  
i n t o  w a te r  (75  m l) and  t h e  p r e c i p i t a t e  (0 .4 5 g ?  90%) was 
c o l l e c t e d  and washed w i th  w a te r .  I n f r a - r e d  a n a l y s i s ,  and  
m ixed  m .p .  ( 1 7 9 ° )  showed i t  t o  be r e c o v e r e d  s t a r t i n g  m a t e r i a l .
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C h l o r i n a t i o n  o f  5 - m e th y l t h i o - 6 - D h e n y l - l H - . p y r a z o l o [ 3 ,2 - c ] -  
s - t r i a z o l e
5 -M e th y l t h i o - 6 - p h e n y l - l H - p y r a z o l o [ 5  $2 - c ] - s -  
t r i a z o l e  ( I g )  i n  a c e t i c  a c i d  (1 5  m l)  was t r e a t e d  w i th  
s u lp h u r y l  c h l o r i d e  ( 0 .6 5 g )  and  h e a t e d  on a s team  h a t h  f o r  
5 m in .  A f t e r  1 h r  a t  room t e m p e r a t u r e ,  t h e  s o l u t i o n  was 
p o u re d  i n t o  w a te r  (200  m l ) ,  and  th e  p r e c i p i t a t e  ( 0 . 9 g )  
c o l l e c t e d  and d r i e d .  . R e c r y s t a l l i s a t i o n  from  p e t r o le u m  
e t h e r  (60 -  8 0 ° )  gave 7 - c h l o r o - 5 - m e t h y l t h i o - 6 - p h e n y l - lH -  
p y r a z o l o [5 92- c ] - 5 - t r i a z o l e  ( l 2 l )  a s  b u f f  c r y s t a l s ,  m .p .  
151° (Found: 0 , 5 0 . 3 ;  H ,3 .6 ;  0 ^ ,1 3 .0 ;  5 , 2 1 . 3 ;  8 ,1 1 .8 ,
r e q u i r e s  0 , 4 9 . 9 ;  H ,3 .4 ;  C U \13 .4 ;  5 , 2 1 . 5 ;
8 , 12. 1#) .
P r e p a r a t i o n  o f  dyes  c o n t a i n i n g  th e  p y r a z o l o [ 5 , 2 - c ] - s -  
t r i a z o l e  n u c le u s
( i ) 7 - ( 4 - D ie th y l a m in o - 2 - m e th y lp h e n y l im in o ) - 6 -  
m e th y l - 3 - P - to ly l - 7 H - ° p y r a z o lo [ 5 , 2 - c ] - s - t r i a z o l e  (1 2 4 ;  X= 
m e th y l ,  Y=2 ~ t o l y l )
( a )  A w e l l  s t i r r e d  m ix tu re  o f  6-me t h y l - 3 -]2” 
t o l y l - l H - p y r a z o l o [ 3 Î2 - c ] - s - t r i a z o l e  ( 0 . 2 l g ) ,  2 - a m in o -5 -  
d i e th y l a m in o to lu e n e  h y d r o c h l o r i d e  ( 0 . 2 5 g ) ,  m e th a n o l  (10 
m l)  and sodium c a r b o n a te  i n  w a te r  (5%s 20 m l) was t r e a t e d  
w i th  p o ta s s iu m  p e r s u l p h a t e  ( 0 . 6 g ) .  The m ix tu r e  was 
s t i r r e d  f o r  30 min and t h e  dye ( 0 .3 7 g ,  97%) th e n  c o l l e c t e d ,  
washed w i th  w a te r  (75  m l) and r e c r y s t a l l i s e d  tw ic e  from  
m e th a n o l  to  g iv e  t h e  p r o d u c t  a s  t i n y  g r e e n  n e e d l e s ,  m .p .  
205 -  206° (Found: 0 , 7 1 . 2 ;  H ,6 .6 ;  5 , 2 2 . 0 .  Og^Hg^N^
r e q u i r e s  0 , 7 1 .5 ;  H ,6 .7 ;  5 , 2 1 . 8 # ) .  A sam ple on s i l i c a
g e l  when e l u t e d  w i th  9 5 : 5 - b e n z e n e - m e th a n o l , t r a v e l l e d  as  
one s p o t .  The dye h ad  Amax i n  e t h y l  a c e t a t e  a t  549 rm .
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(b )  M ethod ( a )  was r e p e a t e d  e x c e p t  t h a t  6 -  
m e t h y i - 3 - p - t o l y l - l H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e - 7 - c a r b o x y l i c  
a c i d  (0o26g) was u s e d  i n  p l a c e  o f  6 - m e t h y i - 3 - p - t o l y i - l H -  
p y r a z o l o [ 3 , 2 - c ] - _ s - t r i a z o l e o  The dye i s o l a t e d  was shown 
t o  be i d e n t i c a l  to  t h e  p r o d u c t  o f  m ethod ( a )  b y  i t s  h a v in g  
m ixed  m.op. 205° a.nd Amax i n  e t h y l  a c e t a t e  a t  54-9 nm,
( i i )  7 -  ( 4—P i  e t h y l  am ino- 2-me th y  I p h e n y l im in o  ) - 6 -  
m e t h y i - 3 - p h e n y l - 7 H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  (1 2 4 ; X= 
.m e th y l ,  Y =phenyi)
P o ta s s iu m  p e r s u l p h a t e  ( 0 . 5 g )  was added  to  a  
s t i r r e d  m ix tu re  o f  6 - m e th y l - 3 - p h e n y l - l H - p y r a z o l o [ 3 , 2 - ^ ] -  
£ - t r i a z o l e  ( 0 . 2 g ) ,  2 - a m in o - 5 - d i e th y la m in o to lu e n e  h y d ro ­
c h l o r i d e  (Oo25 g ) ,  m e th a n o l  (10  m l) and sodium c a r b o n a te  
i n  w a te r  (5%? 20 m l ) .  S t i r r i n g  was c o n t in u e d  f o r  40 min 
and  th e n  w a te r  (70 m l)  was added  and th e  dye ( 0 . 3 5 g ,  94%) 
was c o l l e c t e d ,  w ashed w i th  w a te r  (50 m l) and  r e c r y s t a l l i s e d  
tw ic e  from  m e th a n o l  t o  g iv e  t h e  p r o d u c t  as  p u r p l e  n e e d l e s ,  
m .p .  198 -  199° (Found: 0 , 7 1 . 1 ;  H ,5 .6 ;  5 , 2 2 , 4 .
^22^24^6 ^ ^ ^ ^ 4 re s  0 ,7 1 = 0 ;  H ,6 ,4 5 ;  5 ,2 2 .6 % ) .  A sam ple  o f
th e  dye on s i l i c a  g e l ,  when e l u t e d  w i th  9 5 :3  b e n z e n e - e t h a n o l , 
t r a v e l l e d  a s  one s p o t .  The dye had  Amax i n  e t h y l  a c e t a t e  
a t  551 nm.
( i i i )  7 - ( 4 - P i  e th y la m in o -2 -m e  th y lp h e n y 1im in o ) - 6 -  
m e t h y l - 3 - o - t o l y i - 7 H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  (1 2 4 ; 
X =m ethyl, Y = p .- to ly l) ,
To a  s t i r r e d  m ix tu r e  o f  6 - m e t h y l - 3 - o - t o l y l - l H -  
p y r a z o l o [ 3 »2 - c ] - s - t r i a z o l e  ( 0 . 2 l g ) ,  2 - a m in o - 5 - d ie th y la m in o -  
t o l u e n e  h y d r o c h l o r i d e  ( 0 . 2 5 g ) ,  m e th a n o l  (10  m l)  and  sodium  
c a r b o n a te  i n  w a te r  (5%, 20 m l)  was added p o ta s s iu m  p e r ­
s u l p h a t e  ( 0 . 6 g ) .  The m ix tu r e  was s t i r r e d  f o r  30 m in ,w a te r
(50 m l) was added  and  t h e  dye was c o l l e c t e d .  I t  ( 0 .3 3 g ,  85%)
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was r e c r y s t a l l i s e d  tw ic e  from  m e th a n o l  to  g iv e  t h e  p r o d u c t  
a s  t i n y  g r e e n  n e e d l e s ,  m .p .  17O -  171° (Pound: 0 ,7 1 = 1 ;
H ,6 .6 ;  N ,2 1 .5 .  ^ 2 3 ^ 2 6 ^ 6  :^:"equires 0 , 7 1 .5 ;  H ,6 .7 ;  5 ,2 1 .8 % ) .
The p u r i t y  o f  t h e  dye was ch eck ed  by e l u t i n g  a  sam ple  o f  
i t  on s i l i c a  g e l  w i th  9 5 : 5 - b e n z e n e - e th a n o l  when th e  dye 
t r a v e l l e d  a s  one s p o t .  The dye h a d  Amax i n  e t h y l  a c e t a t e  
a t  541  nm.
( i v )  7 - (4 - D ie th y la m in o - 2 - m e th y lp h e n y l im in o ) - 3 -  
m e s i t y l - 6 - m e t h y l - 7 H - p y r a z o l o [3  ^ 2 - c ] - s - t r i a z o l e  (1 2 4 ;  X= 
m e th y l ,  Y = m e s ity l)
P o ta s s iu m  p e r s u l p h a t e  ( 0 .6 g )  was add ed  t o  a 
s t i r r e d  m ix tu re  o f  3 - m e s i t y l - 5 - m e t h y l - l H - p y r a z o l o [ 3 » 2 - c ] -  
s - t r i a z o l e  ( 0 . 2 4 g ) ,  2 - am in o -5 -H i e t h y l  a m in o to lu e n e  h y d ro ­
c h l o r i d e  (Oo2 5 g ) ,  m e th a n o l  (10  m l) and sodium  c a r b o n a te  i n  
w a te r  (5%? 20 m l ) .  The m ix tu r e  was s t i r r e d  f o r  30 m in , 
d i l u t e d  w i th  w a te r  (70 m l)  and  t h e  s e p a r a t e d  dye was 
c o l l e c t e d .  I t  ( 0 .4 g ,  96%) was r e c r y s t a l l i s e d  tw ic e  from  
m e th a n o l  to  y i e l d  t h e  p r o d u c t  a s  r e d  r o d s ,  m .p .  139  -  160° 
(Pound: . 0 , 7 2 . 1 ; H , 7 ° l ;  5 , 1 9 . 9 .  r e q u i r e s
0 , 7 2 . 3 ; H ,7 .2 5 ;  5 , 2 0 . 3% )o A chrom atogram  r u n  on s i l i c a
g e l  w i th  9 5 : 5 - l> e n z e n e -e th a n o l  showed t h e  dye to  be  p u r e .
The dye h ad  Amax i n  e t h y l  a c e t a t e  a t  531 nm.
(v )  3 - o - G h l o r o p h e n y l - 7 - ( 4 - d i e t h y l a m in o -2 -m e th y l-  
p h e n y l im in o ) -6 -m e th y l -7 H -p y ra z o lo C 3  ?2 - c ] - s - t r i a z o l e  (1 2 4 ; 
X =m ethyl, Y =o_-chlorophenyl)
( a )  To a  s t i r r e d  m ix tu re  o f  3 - o - c h l o r o p h e n y l - 5 -  
m e t h y l - l H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  ( 0 . 2 3 g ) ,  2 -a m in o -5 -  
d i e t h y l  a m in o to lu e n e  h y d r o c h l o r i d e  ( 0 . 2 5 g ) ,  m e th a n o l  (10  m l) 
and  sodium c a r b o n a te  i n  w a te r  (5%? 20 m l)  was added  
p o ta s s iu m  p e r s u l p h a t e  ( 0 , 6 g ) .  The m ix tu re  was s t i r r e d  f o r
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30 m in , d i l u t e d  w i th  w a te r  (7 0  m l) and t h e  p r e c i p i t a t e d  dye 
(Oo33Sî 86%) was r e c r y s t a l l i s e d  tw ic e  from  m e th an o l  t o  
g iv e  th e  p r o d u c t  a s  p u r p l e  n e e d l e s ,  m .p . 160 -  161°
(Pound: 0 , 6 4 .8 ;  H ,5=7; O j \ 8 . 8 ;  5 , 2 0 . 7 .
r e q u i r e s  0 , 6 4 .9 ;  H ,5 .6 ;  0 ^ , 8 , 7 ;  5 ,2 0 .6 % ) .  The dye had
Amax i n  e t h y l  a c e t a t e  a t  539 nm.
( b )  Method ( a )  was r e p e a t e d  e x c e p t  t h a t  3-o~ 
c h l o r o p h e n y l - 6 - m e t h y l - l H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e - 7 -  
c a r b o x y l i c  a c i d  (Oo28g) was u s e d  i n s t e a d  o f  3 - o - c h l o r o -  
p h e n y l - 6 - m e t h y l - lH - p y r a z o l o [ 3 ? 2 - c ] - s - t r i a z o l e .  The dye 
was shown to  be i d e n t i c a l  w i th  th e  p r o d u c t  of  m ethod ( a )  
by i t s  h a v in g  Amax i n  e t h y l  a c e t a t e  a t  539 nm.
( v i^  3- p -O h lo r o p h e n y l - 7 " ( 4 - d i  e th y la m in o - 2- 
me th y lp h e n y l im in o ) - 6 - m e th y l - 7 H - p y r a z o lo [  3 <> 2 - c ] - s - t r i a z o l e  
(1 2 4 ;  X =m ethyi, Y «p^-chloroohenyl) .
A m ix tu re  o f  3 -P “ C h lo ro p h e n y l-6 -m e th y l- lH ~  
p y r a z o l o [ 3 ? 2 - c ] - s - t r i a z o l e  ( 0 . 2 3 g ) ,  2 - amino- 5 - d ie th y l a m in o -  
t o l u e n e  h y d r o c h l o r i d e  ( 0 . 2 5 g ) ,  m e th a n o l  (10 m l) and sodium  . 
c a r b o n a te  i n  w a te r  (5%, 20 m l)  was t r e a t e d  w i th  p o ta s s iu m  
p e r s u l p h a t e  ( 0 ,5 g )  and  t h e  m ix tu re  was s t i r r e d  f o r  40 m in .  
I t  was th e n  d i l u t e d  w i th  w a te r  (50 m l) and t h e  dye ( 0 .3 8 g ,  
93%) was c o l l e c t e d  and r e c r y s t a l l i s e d  tw ic e  from  m e th an o l  
to  g iv e  th e  p r o d u c t  a s  g r e e n  n e e d l e s ,  m .p .  246° (Pound: 
0 , 6 4 .9 ;  H ,5=9; 0 ^ , 8 . 8 ;  5 , 2 0 . 6 ,  022^2^6^5^ r e q u i r e s  
0 , 6 4 .9 ;  H ,5«6 ; 0 ^ , 8 . 7 ;  5 ,2 0 .6 % ).  A sam ple o f  t h e  dye on 
s i l i c a  g e l ,  when e l u t e d  w i th  5 :9 3 -m e th a n o l - b e n z e n e ,  
t r a v e l l e d  as  one s p o t .  The dye h ad  Amax i n  e t h y l  a c e t a t e  
a t  555 nm.
( v i i )  3 - 2 ' , 6 ' - D i c h l o r o p h e n y i - 7 - ( 4 - d i e t h y l a m i n o - 2 -  
m e t h y i p h e n y l i m in Q ) - 6 - m e t h y l - 7 H - p y r a z o l o [ 3 ,2 - c ] - 8 - t r i a z o l e  
(1 2 4 ;  X =m ethyl, Y = 2 ,6 - d ic h lo ro p h e n y l )
P o ta s s iu m  p e r s u l p h a t e  ( 0 .6 g )  was added  to  a
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s t i r r e d  m ix tu r e  o f  3 - 2 ' , 6 ' - d i c h l o r o p h e n y l - 6 - m e t h y l - l H -  
p y ra z o lo C 3 52 - c ] “ S - t r i a z o l e  ( 0 . 2 7 g ) ,  2 - a m in o - 5 - d ie th y la m in o -  
t o l u e n e  h y d r o c h l o r i d e  ( 0 . 2 5 g ) ,  an hydrous  sodium  c a r b o n a te  
( i g ) ,  m e th a n o l  (10  m l) and  w a te r  (20 m l ) .  The m ix tu re  was 
s t i r r e d  f o r  30 m in , d i l u t e d  w i th  w a te r  (7 0  m l)  and  th e  
dye ( 0 . 4 g ,  90%) c o l l e c t e d .  I t  was r e c r y s t a l l i s e d  tw ic e  
from  m e th a n o l  t o  g iv e  t h e  p r o d u c t  a s  s h o r t  d a r k  b lu e  r o d s , 
m .p ,  30 5 ° (Found: 0 ,5 9 = 6 ;  H ,5=0; 0 ^ \ 1 6 .3 ;  N ,1 9 .2 .
^22^22^^2^6 r e q u i r e s  0 ,5 9 = 8 ;  H ,5 .0 ;  0 ^ ,1 6 . 1 ;  N ,1 9 ,0 % ).
The dye had  Amax i n  e t h y l  a c e t a t e  a t  536 nm.
( v i i i )  7 - ( 4 - D i e t h y l am ino-2-m et h y l p h e n y l i m in o ) - 3 -  
o - f lu o r o p h e n y l - 6 - m e th y l - 7 H - p y r a z o lo [ 3 , 2 - c ] - s - t r i a z o l e  
(124 ; X =m ethyl, Y=_o-f l u o r  o p h en y l)
P o ta s s iu m  p e r s u l p h a t e  ( 0 .6 g )  was added  t o  a  s t i r r e d  
m ix tu re  o f  3 - o - f l u o r o p h e n y l - 6 - m e th y l - lH - p y r a z o l o [ 3 , 2 - c ] - a -  
t r i a z o l e  ( 0 . 2 2 g ) ,  2 - a m in o - 5 - d ie th y la m in o to lu e n e  h y d r o c h l o r i d e  
( 0 . 2 5 g ) ,m e th a n o l  (10 m l)  and sodium c a r b o n a te  i n  w a te r  
(5%, 20 m l ) .  The m ix tu re  was s t i r r e d  f o r  20 m in , d i l u t e d  
w i th  w a te r  (5 0  m l)  and th e  dye ( 0 . 3 5 s ,  90%) c o l l e c t e d .  
R e c r y s t a l l i s a t i o n  tw ic e  from  m e th a n o l  gave t h e  p r o d u c t  a s  
p u r p l e  n e e d l e s ,  m .p .  178° (Found: 0 ,6 7 = 6 ; H ,6 ,2 ;  5 , 2 1 . 6 .
^22^23^^6 ^^% u ire s  0 ,6 7 = 7 ;  H ,5 .9 ;  5 ,2 1 .5 % ) .  The dye
t r a v e l l e d  as  one s p o t  when a sam ple  on s i l i c a  g e l  was 
e l u t e d  w i th  5 :9 5 - o th a n o l - b e n z e n e .  The dye h ad  Amax i n  e t h y l  
a c e t a t e  a t  542 nm.
( i x  ) 7 - ( 4 - D i e t h y l  a m in o -2 -m e tb y lp h e n y l im in o  ) -
3 - p - f l u o r o p h e n y l - 6 - m e t h y l - 7 H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  
(1 2 4 ;  X =m ethyl, Y = g - f lu o ro p h e n y i)
A s t i r r e d  m ix tu re  o f  3 - q - f lu o r o p h e n y l - 6 - m e th y l -  
I H - p y r a z o lo [ 3 j 2 - c ] - s - t r i a z o l e  ( 0 . 2 2 g ) ,  2 - a m in o - 5 - d ie th y la m in o -  
t o l u e n e  h y d r o c h l o r i d e  ( 0 . 2 5 g ) ,  m e th an o l  (10 m l) ,  an h y d ro u s
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sodium  c a r b o n a te  ( i g )  and w a te r  (2 0  m l) was t r e a t e d  w i th  
p o ta s s iu m  p e r s u l p h a t e  ( 0 . 6 g ) .  The m ix tu re  was s t i r r e d  f o r  
30 m in , d i l u t e d  w i th  w a te r  (7 0  m l)  and  t h e  dye ( 0 . 3 6g , 92%) 
c o l l e c t e d  and  r e c r y s t a l l i s e d  tw ic e  from  e th a n o l  to  g iv e  
t h e  p r o d u c t  a s  g r e e n  p l a t e l e t s ,  m .p ,  227° (Found: 0 , 6 7 .5 ;  H ,6 .3 ;
5 , 2 1 . 6 .  ^ 22^ 25^ 5 ^ r e q u i r e s  0 ,6 7 = 7 ; H ,5 .9 ;  5 ,2 1 .5 % ) .
The dye had  Amax i n  e t h y l  a c e t a t e  a t  552 nm.
( x )  7 -  ( 4 “ P i  e t h y l  am ino- 2-m e t h y  Ip h e n y l im in o  ) -  6 -  
m e t h y l - 3 - o - n i t r o p h e n y l - 7 H - p y r a z o l o [ 3 s 2 - c ] - s - t r i a z o l e  (124 ; 
X ^m ethy i,  Y = o -n i t r o p h e n y l )
P o ta s s iu m  p e r s u l p h a t e  ( 0 . 6 g )  was added  to  a 
s t i r r e d  m ix tu re  o f  6 - m e t h y l - 3 - o - n i t r o p h e n y l - l H - p y r a z o l o  
[ 3 Î2 - c ] - s - t r i a z o l e  ( 0 . 2 4 g ) ,  2 - a m in o - 5 - d ie th y la m in o to iu e n e  
h y d r o c h lo r id e  ( 0 . 2 5 g ) ,  an h y d ro u s  sodium c a r b o n a te  ( i g ) ,  
m e th a n o l  (1 0  m l)  and w a te r  (2 0  m l)  and t h e  s t i r r i n g  
c o n t in u e d  f o r  40 m in .  The m ix tu re  was d i l u t e d  w i th  w a te r  
(7 0  m l) and t h e  p r e c i p i t a t e d  dye ( 0 . 3 7 g , 89%) r e c r y s t a l l i s e d  
tw ic e  from  e t h a n o l  t o  g iv e  t h e  p r o d u c t  a s  p u r p le  n e e d l e s ,  
m .p .  251° (Found: 0 ,6 3 = 1 ; H ,5=6; 5 , 2 3 . 2 .  ^22^22^ 702  
r e q u i r e s  0 ,6 3 = 3 ;  H ,5=5; 5 ,23 .5% )=  A sam ple o f  t h e  
dye on s i l i c a  g e l  t r a v e l l e d  a s  one s p o t  when e l u t e d  w i th  
9 5 : 5 - b e n z e n e - e th a n e 1 o The dye had  Amax i n  e t h y l  a c e t a t e  
a t  537 rm=
( x i )  7 _ ( 4 - D ie th y ia m in e - 2 - m e th y ip h e n y i im in o ) - 6 -  
m e t h y l - 3 - p - n i t r op h e n y l - 7 H - p y r a z o l o [ 3 , 2 - c ] - 8 - t r i a z o l e  (124 ; 
X =m ethyl, Y = p_-n itropheny l)
To a m ix tu re  o f  6 - m e th y l - 3 - p - n i t r o p h e n y l - l H -  
p y r a z o l o [ 352 - c ] - s - t r i a z o l e  ( 0 . 2 4 g ) ,  2 - amino- 5 - d i e t h y l  am ino-  
t o l u e n e  h y d r o c h lo r id e  ( 0 . 2 5 g ) ,  anhydrous  sodium  c a r b o n a te  
( I g ) ,  m e th a n o l  (lO  m l) and  w a te r  (20 m l)  was added  p o ta s s iu m  
p e r s u l p h a t e  ( 0 . 6 g ) ,  The mi^cture was s t i r r e d  f o r  45 m in ,
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d i l u t e d  with, w a te r  (7 0  m l)  and  t h e  dye (Oo$8g ,  91%) was 
c o l l e c t e d .  I t  was r e c r y s t a l l i s e d  from  e th a n o l  t o  g iv e  t h e  
p r o d u c t  a s  b l a c k  p l a t e l e t s  g m .p .  280° (Found: 0 , 6 3 .1 ;
N ,2 3 o2 a ^ 22^2 3 ^ 7^2  0 , 6 3 . 3 ;  H ,5 .5 ;  N ,2 3 . 3%)
The dye h ad  Xmax i n  e t h y l  a c e t a t e  a t  570  nm.
( x i i )  7 - ( 4 - D ie th y l a m in o - 2 - m e th y lp h e n y l im in o ) - 3 -  
h e x y l -6 -m e th y l~ 7 H -p y ra z o lo [3  j 2 - c ] - s - t r i a z o l e (1 2 4 ;  X = m ethy l, 
Y =hexyl)
A m ix tu r e  o f  3 - h e x y l - 6 - m e t h y l - l H - p y r a z o l o [ 3 î2 - c ] ~  
8- t r i a z o l e  ( 0 . 2 l g ) ,  2-am in o ~ 5~ d ie th y la m in o to lu e n e  h y d ro ­
c h l o r i d e  (Oo25g ) ,  an h y d ro u s  sodium c a r b o n a te  ( i g ) ,  p o ta s s iu m  
p e r s u l p h a t e  ( 0 . 6 g ) ,m e th a n o l  (1 0  m l) and w a te r  (2 0  m l)  was 
s t i r r e d  f o r  30  m in and t h e  p r e c i p i t a t e d  dye ( 0 . 3 1 g , 81%) 
was c o l l e c t e d  and washed w i th  w a te r  (100 m l ) .  The dye was 
d i s s o l v e d  i n  b e n z e n e  (5 0  m l)  and  t h e  b en zen e  rem oved by 
d i s t i l l a t i o n  t o  l e a v e  th e  pr o d u c t  a s  a d a rk  r e d  gum w hich  
s lo w ly  h a rd e n e d  to  a r e d  m a c r o c r y s t a l l i n e  s o l i d ,  m .p ,  7 3 ° .  
(Found: 0 , 7 0 .1 ;  H ,8 . 8 ; N ,2 1 .8 .  ^22^32^6 0 , 6 9 . 5 ;
H ,8o45 ; N ,2 2 o l%) . A sam ple  on s i l i c a  g e l  t r a v e l l e d  a s  one
s p o t  when e l u t e d  w i th  b e n z e n e .  The dye had  Xmax i n  e t h y l  
a c e t a t e  a s  528  nm.
( x i i i )  7 - ( 4 - D ie th y l a m in o - 2 - m e th y lp h e n y l imin o ) - 3 -  
m e t h y l t h i o - 6 - p h e n y l - 7 H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  (1 2 4 ;  X -  
p h e n y l , Y = m e th y l th io )
( a )  A m ix tu re  o f  3 -m e th y l t h i o - 6 - p h e n y l - l H -  
p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  ( 0 . 2 3 g ) ,  2 -a m in o -5 -< i ie th y la m in o -  
t o lu e n e  h y d r o c h l o r i d e  ( 0 . 25g ) ,  sodium c a r b o n a te  ( i g ) ,  w a te r  
(2 0  m l)  and m e th a n o l  (1 0  m l)  was t r e a t e d  w i th  p o ta s s iu m  
p e r s u l p h a t e  ( 0 . 6 g) and t h e  m ix tu re  was s t i r r e d  f o r  30  m in .  
A d d i t io n  o f  w a te r  (100 m l)  p r e c i p i t a t e d  t h e  dye ( 0 . 3 7 g ,  92%) 
w hich  was c o l l e c t e d ,  w ashed w i th  w a te r  (2 0  m l)  and  r e ­
c r y s t a l l i s e d  tw ic e  from  m e th a n o l  to  g iv e  th e  p r o d u c t  a s  b l a c k
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r o d s ,  mop. 194 -  195° (Founds 0 ,6 5 » 4 ;  H ,6 ,0 ;  F ,2 0 ,7 s
8 , 8 . 2 .  ^22^24^5^ r e q u i r e s  0 , 6 5 . 4 ;  H ,5 ° 9 ;  N ,2 0 .8 ;
8 , 7  = 9%)o The dye had  Xmax i n  e t h y l  a c e t a t e  a t  564 nm.
( b )  M ethod ( a )  was r e p e a t e d  b u t  u s in g  7 - c h l o r o -
5 - m e t h y l t h i o - 6 - p h e n y l - l H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  ( 0 . 2 7 g ) . 
The dye was shown t o  i d e n t i c a l  t o  t h e  p r o d u c t  o f  m ethod
( a )  by  e l e m e n ta l  a n a l y s i s  and i t s  h a v in g  Xmax i n  e t h y l  
a c e t a t e  a t  564 nm.
( x i v )  7 - ( 4 - D ie th y l a m in o - 2 - m e th v lp h e n y l im in o ) - 3 -  
m e t h y l t h i o - 6 - D - n i t r o D h e n y l - 7H - p y r a z o l o [ 392- o ] - 8- t r i a z o l e  
(124 ; X = p - n i t r o p h e n y l , Y = m e th y l th io )
A m ix tu r e  o f  3 - m e th y l t h i o - 6 - p - n i t r o p h e n y l - l H -  
p y r a z o lo C 3 ? 2 - c ] “_ s - t r i a z o l e  ( 0 . 2 7 g ) ,  2-amino-5"^<ïie th y la m in o -  
t o l u e n e  h y d r o c h l o r i d e  ( 0 , 2 5 g ) ,  sodium  c a r b o n a te  ( I g ) ,  
p o ta s s iu m  p e r s u l p h a t e  ( 0 . 6 g ) ,  w a te r  (20  m l)  and  m e th a n o l  
(10  m l) was s t i r r e d  f o r  1 h r .  The m ix tu r e  was d i l u t e d  
w i th  w a te r  (50 m l) and  t h e  dye ( 0 . 4 g ,  89%), was c o l l e c t e d ,  
washed w i th  w a te r  (5 0  m l)  and  r e c r y s t a l l i s e d  tw ic e  from  
e t h a n o l  to  g iv e  t h e  p r o d u c t  as  b l a c k  n e e d l e s ,  m .p .  146 -  
147° (Found: 0 , 5 8 . 4 ;  H ,5 .2 ;  11,21.5; 8 , 7 . 0 .  022B25^^°2G
r e q u i r e s  0 , 5 8 . 8 ;  H ,5 .1 ;  N ,2 l .B ;  8 ,7 .1 9 0  The dye h a d
Xmax i n  e t h y l  a c e t a t e  a t  587 nm.
(x v )  6 ° M e th y l ° 3 - p h e n y l - 7 - ( 6 -m e th y l ° 3 - p h e n y l -7 H -  
p y r a z o l o [ 3 , 2 - o ] - 8 - t r i a z o l e - 7 - y l i d e n e m e t h y l ) - l H - p y r a z o l o  
[ 3 , 2 - c ] - s - t r i a z o l e  (1 2 7 ;  X =m ethyl, Y =phenyl, n=o)
6 - M e t h y i - 3 - p h e n y l - l H - p y r a z o l o [ 3 ,2 = c ] - 8 - t r i a z o l e  
( O . l g ) ,  e t h y l  o r th o f o r m a te  (1  m l)  and  a c e t i c  a c i d  (4  m l) 
w ere h e a t e d  t o g e t h e r  f o r  1 m in u n d e r  r e f l u x  when t h e  
s o l u t i o n  became y e l lo w  and  t h e  dye s e p a r a t e d .  The m ix tu r e  
was c o o le d ,  t h e  dye ( O . l g ,  99%) was c o l l e c t e d ,  su sp e n d e d  
i n  b o i l i n g  e t h a n o l  (50  m l ) ,  c o l l e c t e d  a g a in  and  w ashed w i th
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e t h a n o l  (2 5  m l)  t o  g iv e  t h e  p r o d u c t  a s  t i n y  o ra n g e  n e e d l e s ,  
m . p . > 5 2 0 ° (Found: 0 , 6 7 . 9 ;  H ,4 .6 ;  5 , 2 7 . 5 .
r e q u i r e s  0 , 6 8 . 0 ;  H ,4 .4 ;  N ,2 7 ,6 % ).  The dye h a d  Xmax
i n  p y r i d i n e  a t  483 nm.
( x v i )  3 - H e t h y l t h i o - 6 - p h e n y l - 7 °  ( 3 -m e th y l  t h i o - 6 -  
p h e n y l - 7 H -p y r a z o lo [ 3  9 2 -= .c ]^ s - t r ia z o le ° -7 -y l id e n e m e th y l ) - lH -^  
p y r a z o l o [ 3 j 2 - c ] - s - t r i a z o l e  (1 2 7 ;  X = p h en y l,  T = m e t h y l t h i o , 
n=o)
3 -M e th y l t h i o - 6 - p h e n y l - l H - p y r a z o l o [ 3 , 2 - c ] - ^  
t r i a z o l e  ( O . l g ) ,  e t h y l  o r th o f o r m a te  (1  m l)  and  a c e t i c  a c i d  
(4  m l)  were h e a t e d  u n d e r  r e f l u x  f o r  5 m in  when a  y e l l o w  
dye s e p a r a t e d  f ro m  s o l u t i o n .  The m ix tu r e  was c o o l e d ,  t h e  
s o l i d  ( O . l g ,  87%) was c o l l e c t e d ,  s u sp e n d e d  i n  e t h a n o l  
(30  m l ) , c o l l e c t e d  by f i l t r a t i o n  and w ashed w i t h  e t h a n o l  
(30  m l) t o  g iv e  t h e  p r o d u c t  a s  o ra n g e  n e e d l e s ,  m .p .  2 5 5 ° 
(Found; 0 ,5 7 = 1 ;  H , 4 .1 ;  K ,2 1 .6 ;  8 , 1 1 . 8 .
1 OH^OOOH r e q u i r e s  0 , 5 6 . 7 ;  H ,4 .1 5 ;  N , 2 l . l ;  8 ,1 2 .1 % ) .
The dye h a d  Xmax i n  m e th a n o l  i n  t h e  p r e s e n c e  o f  t r i  e t h y l  amine 
a t  4 9 4  nm.
( x v i i )  6 - M e t h y l - 3 - p h e n y l - 7 ° 3 ' - ( 6 -m e th y 1 - 3 - p h e n y l -  
7 H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e - 7 - y l i d e n e ) p r o p - l * - e n y l - l H -  
p y r a z o lo [3 9  2 - c ] - s - t r i a z o l e  (1 2 7 ;  X = m ethy l, Y = pheny l,  n = l )
A m ix tu re  o f  6 - m e t h y l - 3 - p h e n y l - l H - p y r a z o l o [ 3 ,2 - c ]
1 op- 8 - t r i a z o l e  ( 0 . 2 g ) ,  3 - e t h o x y - l , 1 ,3 - t r im e th o x y p r o p a n e  
( 0 .2  m l)  and a c e t i c  a c i d  (5  m l)  was h e a t e d  u n d e r  r e f l u x  
f o r  2 m in .  The m ix tu r e  was c o o le d  and  t h e  dye ( 0 . 1 8 g ,
83%) was c o l l e c t e d ,  washed w i th  w a t e r ,  an d  r e c r y s t a l l i s e d  
from  m e th a n o l  t o  g iv e  th e  p r o d u c t  a s  p u r p l e  n e e d l e s ,  m .p .
3 0 5 ° (Found: 0 ,6 9  = 1 ; H ,4 .5 ;  N ,2 5 .6 ,  ^25^20^8
0 ,6 9  = 5; H ,4 „6 ;  N ,25 = 9%)= The dye h ad  Xmax i n  m e th a n o l
in  th e  p re se n c e  o f  tr ie th y la m in e  a t  583 nm.
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(x v i i i  ) 3 ° -M e tb y l th io -6 -p h e n y l -7 ° 3  * - - y l i ^ e n e  ) p ro p “-l * -  
6 - p h e n y l - 7 H - p v r a z o lo [ 3 , 2 - o ] ° s - t r i a z o l - 7 - y l i d e n e ) p r o p - l * -  
e rL y l° lH °p y razo lo [3 9  2 - c ] - s - t r i a z o l e  (1 2 7 ; X = p h en y l,
Y = m e th y l th io 5 n = l )
A m ix tu r e  o f  3 - m e th y l t h i o - 5 - p h e n y l - lH - p y r a z o l o  
C 3 t r i a z o l e  ( 0 . 2 3 g ) ,  3 - e t h o x y - l , 1 ,3 - t r im e th o x y p r 'o p a n e  
( 0 . 2  m l)  and  a c e t i c  a c i d  (5  m l)  was h e a t e d  u n d e r  r e f l u e  f o r  
2 m in .  The s o l i d  ( 0 . 2 g ,  81%), w hich  s e p a r a t e d  from  th e  
c o o le d  r e a c t i o n  m ix tu r e ,w a s  c o l l e c t e d ,  washed w i th  w a t e r ,  
and  r e c r y s t a l l i s e d  from  m e th a n o l  to  g iv e  t h e  p r o d u c t  a s  
t i n y  g r e e n  n e e d l e s ,  m .p .  225° (Pound: 0 , 6 0 . 1 ;  H ,5 .9 ;
N ,2 2 .4 ;  8 , 1 2 . 9 .  ^25^20^8^2 s q u i r e s  0 , 6 0 .5 ;  H ,4 .0 ;
N ,2 2 „6 ; 8 ,1 2 .9 % ) .  The dye h a d  Xmax i n  m e th a n o l  i n  t h e
p r e s e n c e  o f  t r i e t h y l a m i n e  a t  59^ nm.
( x i x  ) 3 -P -P lu o ro p h e n y l-6 -°m e th y l-7 - -3  ' - ( 3 - P - f  l u o r o -  
p h e n y l - 6 ° m e th y l - 7 H - p y ra z o lo [ 3  9 2 ^ c ] ^ s - t r i a z o l - 7 - y l i d e n e ) p r o p -  
l  ' - e n y l - l H - p y r a z o l o [ 3 , 2 - c ] - s - t r i a z o l e  (1 2 7 ;  X =m ethyl,
Y a p - f lu o r o p h e n y l , n = l )
3 - p -P  l u o r  ophe ny  1=6 -m e t h y l  -  IH -py  r  a z o l o [ 3 , 2 - c ]  -_s -  t r i a z o l e  
( 0 .2 2 g )  and 3 - e t h o x y - l , 1 ,3 - t r im e th o x y p r o p a n e  (0*2 m l ) ,  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 0 . 5  m l)  and e t h a n o l  (5  m l) 
w ere h e a t e d  u n d e r  r e f l u x  f o r  5 m in .  The m ix tu r e  was 
c o o le d  and  t h e  dye ( 0 . 2 2 g ,  88%) was c o l l e c t e d  and 
r e c r y s t a l l i s e d  from  e t h a n o l  to  g iv e  th e  h y d r o c h l o r i d e  o f  
t h e  p r o d u c t  a s  a r e d  m i c r o c r y s t a l l i n e  s o l i d ,  m .p.)> 320°
(Pound: 0 ,5 9  = 1 ; H ,3 ° 9 ;  N ,2 2 .0 .  r e q u i r e s
0,59=55 H ,3=8; N ,2 2 .2 % ).  The dye h ad  Xmax 583 nm i n
m e th a n o l  ( i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e ) .
(x x )  3 - E t h y l - 2 - 2 ' - ( 6 - m e th y l - 3 - p h e n y l - 7 H - p y r a z o lo  
[ 3 , 2 - c ] - 8 - t r i a z o l - 7 - y l i d e n e ) e t h y l i d e n e b e n z o t h i a z o l i n e  
(1 2 9 ;  X =m ethyl, Y =phenyl,  n = l )
A m ix tu re  o f  6 - m e th y l - 3 - p h e n y l - lH - p y r a z o lo [ 3  @2-c]-
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p - t r i a z o l e  ( 0 , 2 g ) @ 2 - 2 ' - a G e t a n i l i d o v i n y l - 3 - e t h y T b e n z o -
pot h i a z o l i i u n  i o d i d e " ^  (0o45g).? t r i e t h y l a m i n e  ( 0 . 5  m l)  and
e t h a n o l  (20  m l)  were h e a t e d  u n d e r  r e f l u x  f o r  10 m in .
The m ix tu re  was c h i l l e d  and t h e  s e p a r a t e d  s o l i d  ( 0 . 5 g ,  78%)
was c o l l e c t e d  and r e c r y s t a l l i s e d  from  e t h a n o l  to  g iv e  t h e
p r o d u c t  a s  t i n y  d a r k  r e d  n e e d le s *  m ,p ,  306 -  307° (P o u n d ;,  
t  a s  t i n y  d a r k  r e d  n e e d l e s ,  m ,p ,  306 -  307° ( P o u n d ; . .6 ;
0 , 6 7 , 9 ;  H ,5 » 0 ; N ,17o8 ; 8 ,7 * 9 °  ^22% 9^5'^ r e q u i r e s  0 , 6 8 . 6 ;
j . x , - r , y ,  »-» ,  t j  o ^ / o  ^ o J - ix c  c  x i d i i .  AJJicxJi- i u c  U iX C U iU J. e x t
520  nm,
( x x i )  3 - E t h y l - 2 - 2 *- ( 3 - m e t h y l t h i o - 6 - p h en y l -7 H -  
p y r a z o l o [ 3  9 2 - c ] - 8 - t r i a z o l - 7 - y l i d e n e ) e t h y l i d e n e b e n z o t h i a z o l i n e  
( 1 2 9 ; X = p h en y l , T = m e th y l th io , n = l )
A m ix tu r e  o f  3 - m e t h y l t h i o - 6 “p h e n y l - lH - p y r a z o lo
[ 3 , 2 - c ] - s - t r i a z o l e  ( 0 . 4 6 g ) ,  2 - 2 ' - a c e t a n i l i d o v i n y l - 3 - e t h y l b e n z o -
th i a z o l i u m  i o d i d e  (0,9g)@  t r i e t h y l a m i n e  (1 m l)  and
e t h a n o l  (30  m l)  were h e a t e d  u n d e r  r e f l u x  f o r  10 m in .  The
r e a c t i o n  m ix tu re  was t h e n  c o o le d ,  and t h e  s o l i d  ( 0 ° 7 g ,  84%)
was c o l l e c t e d  and r e c r y s t a l l i s e d  tw ic e  from  m e th a n o l  t o
g iv e  th e  p r o d u c t  a s  r e d  n e e d l e s ,  m ,p ,  224 -  225° (Pound:
0 , 6 2 , 9 ;  H,5oO; B \ 1 7 ° l ;  S ,14„9o  r e q u i r e s
0 , 6 3 . 3 ;  H ,4o6 ; N ,1 6 ,8 ;  8 ,1 5 ,3 % )°  The dye h a d  Xmax i n
m e th a n o l  a t  522  nm,
( x x i i )  3 - E t h y l - 2 - 4  ' - ( 6 - m e t h y l - 3 - p h e n y l - 7 H - p y r a z o l o
[ 3 , 2 - c ] - 5 - t r i a z o l - 7 - y l i d e n e ) b u t - 2 ' - e n y l i d e n e b e n z o t h i a z o l i n e  
(1 2 9 ;  X =m ethyl, Y = p h en y l, n - 2 )
6 - M e t h y l - 3 - p h e n y l - l H - p y r a z o l o [ 3 9 2 - p ] - s - t r i a z o l e
(00  2 g ) , 2 - 4 ’- a c e t a n i l i d o b u t a d i e n y l - 3 - e t h y l b e n z o t h i a z o l i u m
io d id e ^ ^ ^  ( 0 . 4 8 g ) ,  t r i e t h y l a m i n e  ( 0 . 5  m l )  and e t h a n o l  (30  m l)
w ere h e a t e d  t o g e t h e r  u n d e r  r e f l u x  f o r  5 m in .  The m i x t u r e
was t h e n  c o o le d  and  t h e  s e p a r a t e d  dye ( 0 ,4 1 g ,  76%) was
c o l l e c t e d  and r e c r y s t a l l i s e d  tw ic e  from  m e th a n o l  t o  g iv e
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t h e  h y d r io d i d e  o f  t h e  p r o d u c t  a s  b lu e  n e e d l e s ,  m .p .  281° 
(Pound: 0 , 5 3 . 2 ;  H ,4 .4 ;  1 , 2 5 . 0 ;  N ,1 2 .7 ;  8 , 5 . 8 ) .
C24H2 2 IN5S r e q u i r e s  0 ,5 3 .5 ?  H ,4 .1 ;  1 , 2 3 .6 ;  N ,1 3 .0 ;
8 , 5 . 9%). The dye h a d  Xmax i n  m e th a n o l  a t  621 nm.
( x x i i i )  3 -E th y l -2 « .4  ' -  ( 3 -m e th y l  t h i o - 6 - p h e n y l - 7H- 
p y r a z o l o [ 3  92- c ] - s ° t r i a z o l - 7 - y l i d e n e ) b u t - 2 ' - e n y l id e n e b e n z o -  
t h i a z o l i n e  (1 2 9 ;  X = p h en y l,  Y = m e th y l th io , n=2 )
3 - M e t h y l t h i o - 6 - p h e n y l - l H - p y r a z o l o [ 3 , 2 - c ] - s -  
t r i a z o l e  ( 0 . 4 6 g ) ,  , 2 - 4 ' - a c e t a n i l i d o b u t a d i e n y l - 3 - e t h y l -
b e n z o th ia z o l iu m  i o d i d e  ( 0 . 9 5 g ) ,  t r i e t h y l a m i n e  (1  m l)  and 
e th a n o l  (7 0  m l)  w ere h e a t e d  t o g e t h e r  u n d e r  r e f l u x  f o r  5 
m in .  The m ix tu r e  was c h i l l e d  and t h e  dye ( 0 . 6 g ,  68%) was 
r e c r y s t a l l i s e d  tw ic e  from  m e th a n o l  to  g iv e  t h e  p r o d u c t  
a s  g r e e n  n e e d l e s ,  m .p .  164 -  165° (Pound: 0 , 6 4 . 6 ;  H ,4 .6 ;
N ,15o6 ; 8 , 1 4 . 3 .  ^^ 24^ 22^^82 r e q u i r e s  0 , 6 5 . 0 ;  H ,4 .7 ;
N ,1 5 .8 ;  8 ,1 4 .4 % ) .  The dye h ad  Xmax i n  m e th a n o l  a t  619 nm .
( x x iv )  7 - ( l - E t h y l - 2 , 5 - d i m e t h y l p y r r o l - 3 - y l m e t h y l e n e ) -
6 - m e th y l - 3 “P - t o l y l - 7 H - p y r a z o l o [ 3  9 2 - c J - s - t r i a z o l e  (1 3 1 ; X= 
m e th y l ,  Y = p - to ly l )
A m ix tu re  o f  6 - m e t h y l - 3 - p - t o l y l - l H - p y r a z o l o  
[ 3 , 2 - c ] - s - t r i a z o l e  ( 0 . 2 2 g ) ,  l - e t h y l - 2 , 5 ~ d i m e t h y l p y r r o l e - 3 -  
ca rb a ldehyde^® ^ ( 0 . 1 5 g ) ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
( 0 .5  m l)  and e th a n o l  (5  m l) was h e a t e d  u n d e r  r e f l u x  f o r  
5 m in .  The m ix tu re  was c o o le d  and t h e  y e l lo w  s o l i d  ( 0 . 3 2 g ,  
84%) was c o l l e c t e d  and r e c r y s t a l l i s e d  from  e t h a n o l  t o  g iv e  
t h e  h y d r o c h l o r i d e  o f  t h e  p r o d u c t  a s  y e l lo w  r o d s ,  m .p ,  192° 
(Pound; 0 ,6 5  = 8; H ,6 .4 ;  0 ^ , 8 . 9 ;  N ,1 8 .6 .
r e q u i r e s  0 , 6 6 , 2 ;  H ,6 .3 ;  0 ^ ,9 = 3 ;  N,18.3% )« The dye h ad
Xmax i n  m e th a n o l  a t  438 nm.
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(x x v )  7 - ( l - E t h y l - 2 , 5 - d im e th y lp y r r o l - 3 - y lm e th y le n e ) -  
3 - m e th y l th io - 6 - p h e n y l - 7 H - p y r a z o lo [ 3  9 2 - c ] - s - t r i a z o l e  (1 3 1 ;  
X =phenyl, Y = m e th y l th io )
A m ix tu re  o f  3 - m e th y l t h i o - 5 - p h e n y l - l H - p y r a z o l o
C 3 , 2 - c ] - s - t r i a z o l e  ( 0 . 2 3 g ) ,  l - e t h y l - 2 , 5 “ d . im e th y l p y r r o le - 3 -
c a rh a ld e h y d e  ( 0 . 1 5 g ) ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 0 . 5  m l ) ,
\
and e th a n o l  (5  m l)  was h e a t e d  u n d e r  r e f l u x  f o r  5 m in .  When
t h e  r e a c t i o n  m ix tu re  was c o o le d  an  o ra n g e  s o l i d  ( 0 . 2 4 g ,  60%)
s e p a r a t e d .  E e c r y s t a l l i s a t i o n  o f  t h i s  from  e t h a n o l  gave
th e  h y d r o c h lo r id e  o f  t h e  p r o d u c t  a s  t i n y  o ran g e  r o d s ,  m .p .
161° (Pound: 0 , 6 0 .1 ;  H ,5 .6 ;  0 ^ ,9 „ 4 ;  N ,1 7 .8 .  0 2 0 ^ 2 2 ^ ' ^ ^ ^ ^
r e q u i r e s  0 , 6 0 .1 ;  H ,5 „5 ;  0 ^ , 8 . 9 ;  M,17=5%) The dye had
Xmax i n  m e th a n o l  a t  447 nm.
( x x v i )  7 - ( l - E t h y l - 2 * 5 - d i m e t h y l p y r r o l - 3 - y l m e t h y l e n e ) -  
3 - m e th y l th io - 6 - p - n i t r o p h e n y l - 7 H - p y r a z o lo C 3  < > 2 - c ] - s - t r i a z o l e  
(1 3 1 ;  X = p - n i t r o p h e n y l , Y = m e th y l th io )
3“M e th y l th iO “ 5 - p - n i t r o p h e n y l “ l H - p y r a z o l o [3 9 2“ C]- 
s - t r i a z o l e  ( 0 . 2 7 g ) ,  l - e t h y l - 2 , 5 “ d i m e t h y l p y r r o l e - 3 ” C a rb a ld e h y d e  
( 0 . 15 g ) ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 0 . 5  m l)  and 
e t h a n o l  (5  m l) were h e a t e d  t o g e t h e r  u n d e r  r e f l u x  f o r  10 m in .  
The s o l u t i o n  was c h i l l e d  and  p o u re d  i n t o  w a te r  (50 m l) and  
th e  o ran g e  p r e c i p i t a t e  (0 .3 5 6 ?  86%) was c o l l e c t e d  and 
r e c r y s t a l l i s e d  from  e t h a n o l  t o  g iv e  t h e  p r o d u c t  a s  o ra n g e  
p r i s m s ,  m .p .  125° (Pound; 0 , 5 8 . 2 ;  H ,4 .8 ;  N ,2 0 .1 ;
S ,7o7o ^20^20^6^2^ r e q u i r e s  0 , 5 8 . 8 ;  H ,4 .9 ;  N ,2 0 .6 ;
8 ,7 .8 5 % ) o The dye had  Xmax i n  m e th a n o l  a t  461 nm.
( x x v i i )  7 ° ( l - E t h y l - 2 , 3 - d i m e t h y l p y r r o l - 3 ° y l m e t h y l e n e ) -  
3 -m e th y l  t h i o - 6 - m - n i t r o p h e n y l - 7 H - p y r a z o l o [  3 9 2 - c ] - s - t r i a z o l e  
(1 3 1 ; X = m -n i t ro p h e n y l5 Y = m e th y l th io )
A m ix tu re  o f  3 - m e t h y l t h i o - 6 - m - n i t r o p h e n y l - l H -
p y r a z o l o [ 3 92- c ] - s - t r i a z o l e  ( 0 . 2 7 g ) ,  l - e t h y l - 2 , 5 - d im e t h y l -
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p y r r o l e - J - c a r b a l d e h y d e  ( 0 . 1 5 g ) ? c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  ( 0 .5  m l)  and e t h a n o l  (5  m l)  was h e a t e d  u n d e r  r e f l u x  
f o r  5 m in .  The s o l u t i o n  was c o o le d  and  p o u re d  i n t o  w a te r  
(5 0  m l)o The brow n p r e c i p i t a t e  ( 0 .5 8 g )  was c o l l e c t e d  and 
r e c r y s t a l l i s e d  from  e t h a n o l  to  g iv e  t h e  p r o d u c t  a s  brown 
m i c r o c r y s t a l l i n e  s o l i d ,  m .p .  151° (Found; 0 , 5 8 . 3 ;  H ,5 .0 ;
N ,2 1 .0 ;  8 , 7 . 6 . 020^20^6^2*^ r e q u i r e s  0 , 5 8 .8 ;  H ,4 .9 ;  K ,2 0 .6 ;
8 , 7 . 85%). The dye h a d  Xmax i n  m e th a n o l  a t  456 nm.
( x x v i i i )  5 - 3 ' - ( 3 - o - 0 h l o r o p h e n y l - 6 - m e t h y l - l H - p y r a z o l o  
[ 3 , 2 - c ] - 8 - t r i a z o l - 7 - y l ) a l l v l i d e n e - l , 3 - d i e t h y l - h e x a h y d r o - 2 -  
t h i o x o p y r i m i d i n e - 4 , 6 - d io n e  (1 3 3 ;  X =m ethyl, Y = o -c h lo ro p h e n y l)
3 - p - 0 h lo r o p h e n y l - 6 - m e th y l - lH - p y r a z o lo  [3  , 2 - c ] - p -  
t r i a z o l e  ( 0 . 5 g ) ,  l , 3 - d i e t h y i - 5 - ( 3 - e t h o x y a l l y l i d e n e ) - h e x a h y d r o -
2 - t h i o x o p y r im id in e ~ 4 ,6 - d io n e  ( 0 . 5 6 g ) ,  e t h a n o l  (10 m l)  and 
t r i e t h y l a m i n e  ( 0 . 5  m l)  w ere h e a t e d  t o g e t h e r  u n d e r  r e f l u x  
f o r  5 m in .  The s o l u t i o n  was th e n  c o o le d  and n e u t r a l i s e d  
by t h e  a d d i t i o n  o f  h y d r o c h l o r i c  a c i d .  The p r e c i p i t a t e  
( 0 . 8 g ,  85%) was c o l l e c t e d  and r e c r y s t a l l i s e d  from  e th a n o l  
to  g iv e  t h e  p r o d u c t  a s  t i n y  r e d  n e e d l e s ,  m .p .  240° (Found; 
0 , 5 5 .9 ;  H ,4 .4 ;  N ,1 8 .3 ;  0 ^ , 8 . 2 ;  8 , 6 . 4 .  OggHg^O^M^OgS
r e q u i r e s  0 , 5 6 .4 ;  H ,4 .5 ;  0 ^ ,7 = 6 ;  N ,1 7 .9 ;  8 ,6 .8 % ) .  The
dye h ad  Xmax i n  m e th a n o l  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  
a t  552  nm.
( x x ix )  5 - 3 ' - ( 3 - P - 0 h l o r o p h e n y l - 6 - m e t h y l - l H - p y r a z o l o  
r 3 9 2 - c ] - s - t r i a z o l e - 7 - y l ) a l l y l i d e n e - 1 , 3 - d i e t h y l - h e x a h y d r o - 2 -  
t h i o x o p y r im id in e - 4 , 6 - d io n e  (1 3 3 ;  X =m ethyl, Y = p -c h lo ro p h e n y l)
A m ix tu re  of 3 - H -c h lo ro p h e n y l -6 -m e th y l~ lH -  
p y r a z o lo C 3 > 2 - c ] - £ - t r i a z o l e  ( 0 . 5 g ) ,  1 , 3 - d i e t h y l - 5 - ( 3 - e t h o x y -  
a l l y l i d e n e ) - h e x a h y d r o - 2 - t h i o x o p y r i m i d i n e - 4 ,6 - d i o n e  ( 0 . 56g) 
and e th a n o l  (10 m l) w ere h e a t e d  u n d e r  r e f l u x  f o r  5 m in .
The s o l u t i o n  was th e n  c h i l l e d  and  p o u re d  i n t o  w a te r  (50 m l ) .
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The r e d  p r e c i p i t a t e  (0 .8 5 6 ?  90%) was c o l l e c t e d  and r e ­
c r y s t a l l i s e d  from  m e th a n o l  to  g iv e  t h e  p r o d u c t  a s  t i n y  r e d  
n e e d l e s ,  m .p .  262° (Found: 0 , 5 6 .1 ;  H ,4 .7 ;  0 ^ , 8 . 1 ;  N ,1 8 .4 ;
8 , 6 . 5 .  GggHgiO^B^OgB r e q u i r e s  0 , 5 6 .4 ;  H ,4 .5 ;  0 / ^ . 6 ;
N ,17*9 ; 8 ,6 .8 % ) .  The dye h ad  Xmax i n  m e th a n o l  a t  536
and 560 nm. i t v
( XXX) 5 - 5 ' - r 3 - ( 2 « 6 - d i c h l o r o p h e n y l ) - 6 - m e t h y l - l H -
p y r a z o l o [ 3 , 2 - c ] - 8 - t r i a z o l - 7 - v l ] a d l v l i d e n e - l , 5 - d i e t h y l -  
h e x a h y d r o - 2 - t h i o x o p y r i m i d i n e - 4 ,6 - d i o n e  (1 3 3 ;  X «m ethy l,
Y a 2 ,6 - d ic h lo r o p h e n y l )
3 - 2 '6 ' - D i c h l o r o p h e n y l - 6 - m e t h y l - l H - p y r a z o l o  C3 ?2 - c ] -  
p - t r i a z o l e  ( 0 . 2 7 ) ,  1 , 3 - d i e t b y l - 5- ( 3 - e t h o x y a l l y l i d e n e ) - h e x a -  
hy d r  o - 2 - t h io x o p y r im id in e - 4 , 6 - d io n e  ( 0 .2 8 g )  and  e th a n o l  
(10  m l) were h e a t e d  u n d e r  r e f l u x  f o r  10 m in .  The r e a c t i o n  
m ix tu r e  was th e n  c o o le d  and  p o u re d  i n t o  w a te r  (50  m l)  and 
t h e  f i n e  p r e c i p i t a t e  was e x t r a c t e d  i n t o  e t h y l  a c e t a t e  
(3 X 30 m l ) .  The e t h y l  a c e t a t e  s o l u t i o n  was d r i e d  (MgSO^), 
f i l t e r e d  and e v a p o r a te d  t o  d r y n e s s .  The r e s i d u e  was 
r e c r y s t a l l i s e d  from  e th a n o l  to  g iv e  th e  p r o d u c t  ( 0 . 2 g ,  40%) 
a s  r e d  r o d s ,  m .p .  225° (Found; 0 , 5 2 .1 ;  H ,4 .2 ;  C ^ ,1 4 .0 ;
N ,1 6 .3 ;  8 , 6 . 0 .  C22H2o^^2^6^2^ r e q u i r e s  0 , 5 2 . 5 ;  H ,4 ,0 ;
0 ^ \ 1 4 .1 ;  N ,1 6 .7 ;  8 ,6 .4 % ) .  The dye had  Xmax i n  m e th a n o l
a t  514 and 548 nm.
( x x x i ) 1 , 3 - D i e t h y l - h e x a hy d r o -5  9 3 *- ( 3 - m e t h y l t h i o - 6 -
p h e n y l - lH - p y r a z o lo [ 3  92- c ] - s - t r i a z o l - 7 - y l ) a l l y l i d e n e - 2-  
t h i o x o p y r i m i d i n e - 4 , 6 -d io n e  (1 3 3 ;  X = pheny l, Y = m e th y l th io )
A m ix tu re  o f  3 - m e th y l t h i o - 6 - p h e n y l - l H - p y r a z o l o  
C 3 , 2 - c ] - s - t r i a z o l e  ( 0 . 4 6 g ) ,  l , 3 - d i e t h y l - 5 - ( 3 - e t h o x y a l l y l i d e n e ) .  
h e x a h y d r o - 2 - th io x o p y r im id in e - 4 ,6 - d io n e  ( 0 .5 6 g )  and  e t h a n o l  
(20 m l) was h e a t e d  u n d e r  r e f l u x  f o r  10 m in .  The m ix tu r e  
was c o o le d  and th e  dye (0 .6 5 g s  70%) was c o l l e c t e d .  I t  was
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r e c r y s t a l l i s e d ,  f rom  e t h a n o l  to  g iv e  th e  p r o d u c t  a s  m aroon 
p l a t e l e t s ,  m .p .  103° (Found: 0 , 3 5 .2 ;  H ,4 .9 ;  N ,1 7 .7 ;
8 , 1 3 . 5 . OggHggN^OgSg r e q u i r e s  0 , 5 6 . 7 ;  H ,4 ,6 ;  N ,1 8 .0 ;
8 , 1 3 . 7%). The dye h ad  Xmax i n  m e th a n o l  a t  536 and  560 nm,
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